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NITROGEN AND PHOSFHORUS UPTAKE TN THE EVERGLADES
CONSERVATION ARFEAS, FLORIDA, WITH $PECIAL REFERENCE
TO THF, ETFTLECTS OF BACKPUMPINCG RUNOTT
By

B. F. McFPherson, B. G. Waller, and H. €, Mattraw

ABSTRACT

Water currently pumped into Overglades Conservation Arcas 1 and 3 is
largely confined to canals and their nearby marshes. In Area 2, however,
canal water flows into the interior marsheas.

In much of the water pumped into the northern Everglades, concentrations
ol inorganic nitrogen and phosphorus are relatively high, Thesce nutrients
are transported in the canals or into the perlpheral marshes. Concentratlons
decrease sharply within 100 metres (330 feet) or less of the canals, whereas
specific conductance remains essentially unchanged within this distance. The
sharp decrease In imorganic nitreogen and phosphorus near the canal edge indi-
cates net uptake in these shallow walers.

Concentrations of nitrogen and phosphorus also decrease as water moves
through the conservation areas in canals., <This decrease is due partly to di-
lution by rainfall and runofl, and partly to net uptake in the canals and
their peripheral marsh.

The large canals ol the northern and castern parta of the conservation
arcas olften have relatively low concentrations of dissolved oxygen which show
little fluctuation within 24 hours. Also concentrations sometimes approach
anacrobie levels near the hottom of the canals, This sugpgests that biolagical
production is low and that respiratlon is the dominant metabolic process,
Ground water inlluex may also contribute to low dissolved oxygen.

Long-term data from an index canal site in the western part of Area 1A,
indicate that diel Fluctuations in dissolved oxygen concentratlons can be
extremely variable from month to month and al the same season in difflerent
years, Maximum dissalved oxygen saturation at this sike exceeded 100 percent
sbout 20 percent of the time. Maximum oxygen production occurved in spring
and was associated with low water level and flow,

Waler pumped into the conservation arcas can aller water quality in the
canals by breaking-up water stratification, by resuspending botiom scdiments,
and by InlLroducing water of a different chemical characler. In Area 1 near
pumping station 5-3A in September 1973, ammonia and dissolved oxygen in-
creased and orthophosphate, nitrate, and nitrite decreased after pumping.

In Area 3A near pumplng station 5-9 in Japuary 19773, ammonia increased
and nitrate and dlssolved oxygen decreased after pumping. These changes
were detectable in canale scveral kilometres downgradient from $-9.

Backpumping inLo Conservation Area 3 added 230 tonmes (253 tons) of
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total nitrogen and 1.8 tonmes (2 tons) of toral phosphorus from July 1972
through June 1973. Backpumping 50 percent of the total annual canal runoll
inn southeast Florida would add [rom 900 to 5,600 tonnes (990 to 6,160 tons)
of nitrogen and from 9 cto 56 tonnes (10 to 62 tons) of phosphorus to the
conservation areas.

The hottom sediments of Lhe Everglades are a sink for nirrogen and
phosphorus. They can, however, be a source of these nutrients when anaer-
obic conditions owist ar rhe water-sediment interface or when bottom mate-
rial becomes resuspended. With respect to organie carbon and nitrogen,
phosphorus is enriched in canal scdiments compared with marsh sediments.
Also there is some indication that nitrogen and phosphorus and several
trace metals are enviched in canal sediments near pumping stations that
drain agricultural land compared with canal sediments remcte from pumping
stations,.

Thirty-four samples of aquatic plants were analyzed for nitrogen, phos-
phorus, cdrbon, copper, lead, and zinec. Except for slightly higher concen-
trations of phosphorus in plant tissue from two locatlons where water
quality is poor, no significant differences in nutrient and metal concentra-
Lions were evident in aquatic plants collected either from remote, relative-
ly undisturbed areas or from areas receiving agricultural runoff.

INTRODUCTION

The Everglades Environment

The Everglades is a wide, shallow, peat-filled depression that extends
from Lake Okecchobee to the mangrove estuarics of Shark River (fig. 1). It
is bounded on the east by the Atlantic Coastal Ridpe and on the west by the
sandy flatlands and the Big Cypress Swamp. It slopes gradually southward
from Lake Okeechobee, The peat scil, derived from marsh vegetatlon, is 2
to 3 metres (7 to 10 ft) deep in the northern Everglades, and decreases to
1 metre or less near its southern cxtromity in the lower Shark River Slough,

The Everglades is a vast saw prass marsh interspersed wlth tree islands,
sloughs, and wet prairies. It floods seasonally, and often becomes dry
during several months in the spring. Water is deepest in the sloughs and
becomes shallower progressively to the wet prairies, to the saw grass marsh,
and to the tree islands. Diffcrences in water depth betwcon these communi-
tles are in the order of a few centimetres to spveral decimerres.

Dircct rainfall is the prime source of the Everglades' water., Histori-
cally the water flowed slowly scuthward toward the Gulf of Mcxico and
Florida Bay, but during pericds of heaviest rainfall ulso flowed Loward
the Atlantic Ocean through the transverse glades., During exlremely wet
years Lake Okeechobee overflowed southward. (Parker and others, 1953, p.
332).

The complexion of the Everglades has changed over the years because of
drainage, flood control, and water management practices. The greatest
changes in the hydrologle regime were causcd by drainage and flood control.
Much of rhe northern Everglades was drained in the early and mid 1900 's for

f
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agricultural development (fig, 2),

In recent years emphazisz In water management has been on water conrrol
and conservation, Lake Qkeechobec became the prime unit for surface-water
storage in the water system of southeast Florida, supplemented by the three
conservation areas to the south, The conservation arcas serve as replenish-
ment sources [or lower east coast municipalities and agriculture by releases
into canalz and by underseepage through the Biscayne aquifer. The remaining
marshes of the Everglades are now mostly within the conservation areas and
Everglades National Park (fig. 2),

Water to sustain the marshez of the conservation areas and FEverglades
National Park comes from direct rainfall and from canals which convey watcr
from Lake Okeechobee and from agricultural lands to the north. Water flows
southward down the canals by gravity or is pumped southward into the con-
servation areas. The three conservation areas are commected by spillway
structurcs that enable water to be transferred directly from Lake Qkeechobee
through Conservation Area 3 and thence to Everglades National Park or to the
Miami area during drought, In addition, water can be backpumped [rom the
cast inte Conscrvation Arca 3A at pumping station 5-9, Contreol structures
are operdted to maintain the desired water levels for the conservation areas.

Water quality in parts of the Everglades has changed over the years,
Peslicldes and polychlorinated blphenyls {(PCBE's) now occur in relatively high
concentratlons In hottom sediment and fish in parts ol the Everglades
(McTherson, 1973). Concentration of dissolved solids are significantly high-
er in the northern canals and in Conservation Area 2 than in the southern
Everglades or the interior of Arca 1. Although dissolved solids concentra-
Llons have increazed in places in the southern Fverglades (Kleln and others,
1974), they have changed little in the northern Everglades since the 1940's
(Gleason, 1974)., Concentrations of nitrogen and phosphorus tend to be higher
in parts of the northern Cverglades than in the south (B.G, Waller and J.E.
Farle 1975%,

Increased concentrations of nutrients from apricultural and urban devel-
opment will change the Everglados canvivonment. Inecreascd amounts of nu-
trients in agquatic environments often cause lush growth of aquatic plants,
ghifts in food webs, changes in animal populations, and deteriovation of
water quality,

Mutrients enter the Lverglades mainly in rainfall and dry fallout, and
in surface water inlflow. Whereas rainfall and dry fallout are widely dis-
tributed, most surface water inflow cntcers at 6 pumping stations in the con-
servation areas,

Although over 20 cleoments are essential for growth and considered nu-
trients, only a few are required in large amounts., These include carbon,
hydrogen, oxygen, nitrogen, mnd phosphorus. Carbon, hydrogen, and oxygen are
usually abundant, whereas nitropen and phosphorus sometimes are not, and
limit growth. BRecause of the importance of nitrogen and phoszphorus in con-
trelling aquatic plant growth emphasis in this investlgation was placed on
thosc clements.



CONVERSION OF FACTORS

The following factors may be used to convert the Metriec units published
herein to English units.

Mulriply Metriec Units by To obtain English Unite
Length
millimetres (mm) 0,03937 inches (in)
metres (m) 39.37
metres (m) 3.281 feet (ft)
kilomctres (km) 0.6214 miles (mi)
Area
square kilometres (km2) 0.3861 square miles (mi2)
Flow
litres per second (L/s) 0.0353 cubic feet per secomd (frd/s)
cubic metres per second 35.31
(m3/x)
Mass
tonne (t) 1.102 ton (shart)
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Backpumping Plans

Plang for morc cfficient water management in southeast Florida by the
Central and Southern Florida Flood Contreol Districk (FCD) include increased
backpumping of surplus storm water to the conservation areas (UJ.5. Army
Corps of Engineers, 1968). Recommended comstruction by the Corps of Engi-
neers calls for completion by 1984, Existing and planned pumping staticns
are zhown in figure ZA. Water can now be pumped into the conservation
areas at six stations. Three additional stations have been propesed for
punmping water into the conservation areas from the east, These Include:

(1) §-319, with a pumping capacity of 82.7 m3/s (2920 [t3/s)
which would backpump surplus water from a 718 kmZ (276 mil)
area from the C-51 exrtension of the West Palm Beach Canal
inte Arca 1 (I'CD, 1973).

(2) 5-320 with a pumping capacity of 33.7 m3/s (1190 ft3/s)
which would backpump surplus water from a 309 kmZ (119 mi2)
area Lo rthe Hillsbore Canal.

(3) 5-330 which would backpump surplus water from a 169 km?
(65 mi2) area into the southern part of Area 3.

Large~scale backpumping of water from land east of the conservation
areas could affect the Everglades enviromnment 1f water levels were altered
permanently, or if additional loads of nutrients and pollutants were intro-
duced, Vegetation has already changed in parts of the conservation areas
where water lovels have incrcased by impoundment (Alexander and Crook, 1974;
Hagenbuck and others, 1974). The degree that largc-scale pumping would
alter the Everglades environment by introducing nuttrients and pollutants is
not clear, Although the marshes of the Everglades tie-up large amounts of
nuttrients in plant biomass and in sediments, the capacity of the marshes ro
retain and tolerate addicional nutrients is not known.

Part of the water backpumped into Conservatiom Area 3 would eventually
enter Overglades National Park. 'To assure that the gquality of the watex
supplied to the Park will not deteriorate, the Committec on Public Works of
the U.3, Senate requested, [n Senate Document No, 91893, May 26, 1970, that
the Corps of Engineers preparc a report within 1 year on the measures taken,
and any agreement reached, to maintain good gquality in the water delivered
to tho Park. Lhe Corps contracted with a private consulting firm Water and
Air Rescarch, Inc. (WAR), Gainesville, Florida, to preparce the water quall-
Ly report. One of the recommendations in the WAR (1971) report was that a
permanent water quality monitoring program be established, In addition,
WAR recommended a study on the ecological effccts of backpumping of east
coasl runoflf.

At the request of rhe Corps of Engineers, the U.5. Geological Survey
undertook the recommended water-guality monitoring and backpumping investi-
gations in the conservation areas. & monitoring network of 26 surface
water sites and four bhulk precipitation sites was started in July, 1972,
Investigations of backpumping were begun in January, 1973,
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B.G. Waller and J.E. Earle (1975) summarized the data collected be-
tween 1972 and 1974 ar the 26 surface water sites and four preclpitation
gites., Waller (1975) also analyzed nmitrogen and phosphorus loading in the
conservation areas uslng selected sites in the munitoring network. This
report summarizes the investigation of backpumping and its effects on the
Everglades ecosyvstem, Acknowledpment is given to the Corps af Enpincers for
gupport of the investigation.

Purposes and Scapc

Ihe purposes of thiz investigation were to make a qualltative assess-
ment of the effects on water quality of pumpilng water into the conservation
arcas, and speclfically to evaluate the uptake by scdiment and biota of ni-
trogen, phosphorus, and sclected trace elements contained in the water.

The scope of the investigation Ineludes the collection and interpreta-
tion of chemical data from water, sediment, and aquatic plants In the vicini-
ty of and remote from pumping activities. Niel (24-hour) studles were in-
cluded to determine changes in nitrogen, phosphorus, and dissolved oxygen ancl
whether the comncentrations of these comstituents wore affected by pumping.
Nutrient transects werc made Co determine the distribution of water pumped
into the areas and to evaluate the location and extent of nitrogen and phos-
phorus uptake. Diel studies and transects were made during high=-and-Low-
water periods in 1973 and 1974.

Sampling Sites

Water samples for chemical analysis were collected in the conservatlon
arcas along Cranseccts and during diel periods for wel and dry seasons.
Transecls extended from perimeter caonals into the marshes (fig. 3). Speecif-
ic conductance, dissolved oxygen, temperature, inorganic nitropen gpocies
and inorganic phosphorus were measured at selected points along gach tran-
set., Dicl studies were carried out at seven locatlons in the congservation
arcas (fig. 3A). DIssolved oxygen and temperalure were measured every few
houts at one or more sites at each locallon, Specific conductance and inor-
ganic forms of nitrogen and phosphorus were measured less frequenlly. Six
zites were establisbed near pumping station $-5A ([ig. 4); eleven near pump-
ing station §-9 ([lg. 5); three on the Millsboro Canal (one gach at the 5-10
structures A, C, D), and four just south of S5-10C in Conservation Area 2A
(fig. 3A). An index station, L-28, was established in the western part of
Conservation Area 3A on Levec 28 canal about 19 kilemetres (12 miles) north
of 40-mile bend (fig. 3A).

In addition to the water samples collected on Lhe Lransccts and durlng
dicl studies, oiher water, sediment, and plant samples were collectad at
specific locatlons for analysis of inorganic and orgasnic nilrogen, phespho-
rus, and trace elements., The locations of stalions where bolEbom sediments,
plant nutrients, snd plant biomass data were collected are also shawn in
figures 3, 5A, and 5B.

Names of sampling areas with their latitude-longitude or downstream
order number arc given in Table 1.
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Table 1.--Hames of sampling areas and stations. Locatlons shown on
Figores 2A, 3, 3A or 5B.

Novnstream grder number

Dascription or latitudé-lonygitude
Pumping Station §5-5A 02278450
Pumping Statlon 5-9 02285400
L-28 East Canal 255600080484500
NMillshore Canal above §-10C 262400080230000
Everglades No. 3-28 02289043
1A Hillsboro Canal above $-6 02281200
L T1illshoro Canal above $-10 2624000802300
2A North New River Canal above §-7 2620000803210
2B North New River Canal above 5-11C 02284501
3A Miami Canal at 5-8 02286700
3B Miami Canal Alligator Alley 2608500803810
5 miles South of §5-10C 2620050802050
Everglades Station 2-17 02284642
South-center Area 1 quadrat Site 3 2627300801600
South-cenlter Area 1 quadrat Site % 2626000801700
South~center Area 1 nutrient sample 2627300801900
Pumping Station 5-6 02281200
Pumping Station §-7 262000080320500
Pumping Station 5-8 02286700
Everglades Station 1-15 02281295
L~67A Canal 25462008039500
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WATER CHEMLSTRY CHARACTERISTICS

Nitrogen and Phosphorus Concentrations at Selected Sltes

Data were collected monthly from July 1972 ro July 1974 at five pumping
stations to characterize concentrations of nitrogen and phosphorus pumped
into the conservation areas (G. G. Waller and J. E. Earle,

1975). These data are swmarized in Table 2. Median concentrations of ni-
trate, nitrlte, ammonia, inorganic nitregen, organic nitrogen, total nirro-
greri, and total phosphorus are given. TFor comparison median concentrations
for samples collected during thls period at three marsh sites and at an index
slte remote from pumping stalions are also shown on Table 2,

Median concentrations of inorganic nitrogen, ranging from 0.13 to 0.73
mg/l (milligram per llire), were higher at the pumping stations than at the
threc marsh sites or ab the L-28 canal index aite, where they ranged [rom
0.04 to 0.13 mg/l (Lable 2). Awonia was the most abundant form of Inorgan-
i¢ nitrogen at 3 of the pumping stations, the marsh sites, and L-28 (table 2).
The relatively high concentrations ol ammonia at 5-6 (0.39 mg/l) and 5-9
(0,41 mg/1l) probably result from high ammonia concentrations in ground water
which seeped into the fecder canal during pumping. Also, at pumping station
8-9, dissolved oxygen is often near zero. Under such conditions other forms
of inorganle nitrogen would tend to be converted to ammonla. Freiberger
{1973} reported marked decreases in dissolved oxygen and nitrate concentra-
tions and increases in ammonia concentration in Comservation Arca 3A durlng
backpumping at pumping station 5-9. Nitrate was virtually absent at 5-9, but
exceeded 0.10 mg/l at the other pumping stations, It was the mast abundant
form of inorganic nitrogen at pumping stations 5-3A and 8-8. TFor comparison,
median nitrate concentrations were zero at the marsh sites, presumably
bocause this form of nilrogen 1s readily taken up by organisms in the marsh.

Median concentrations of organic nitropen and total nilrogen were slight-
ly lower at the L-28 canal site and 2 marsh sites, 3-28 and 1-15, than at
pumping stations $-5A, %-6, $-7 and 5-8. Thc median value at margh site 2-17
(Conscrvation Area 2), however, is in the same range as those at the pumping
statiaong,

Median concentrations of total phosphorus were higher at pumping stations

g-5A and 5-6 (00.05 mg/1) than at the other pumping stations, at L-28, and at
the marsh sites (0.0l - 0.02 mg/l) (table 2}.

Nitrugen and Phosphorus Uptake in Canals

Downslream chanpes in nitrogen, phosphorus, and specific conductance were
measured in 3 canals in the conservation areas; the Hillsboro Canal, the North
New River Canal, and the Miami Canal, A pair of sites in cach canal was
sampled monthly [rom September 1972 to June 1974. The sites in each cansl were
gboul 16 kilometres (10 miles) apart and are shown on figurez 3 and 5B.

In the canals specific conductance decrcased downslream 1 percent per
kilometre (2 percent per mile), on the average, whereas total phosphotrus and

21



L

Table 2.--Median concentrations of nitrate, nitrite, ammonia, organic nitrogen, total nitropen, and
total phosphorus in mg/l (as ¥ or P) at pumping stations $-54, $-6, S~7, S-8 and 5-9: at Canal
L-28 remote from pumping stations and agricultural activity; and at marsh sites 3-28, 1-15, and
2-17. (Data collected monthly between July 1972 and July 1974, Location of sites szhown on i

24 or 3.)
Incrganic-N
Inerganic Organic Total
Pumping Stations Witrate Hikrite Ammonia Mitrogen Nitrogen Nitrogen fhosphorus

§-54 0.48 0.07 0.20 0.75 1.8 2.4 0.05
5-6 24 .08 .39 Al 2.2 3.1 .05
5-7 .13 .03 .15 31 1.8 2.2 .az2
5-8 .13 .02 .06 .23 1.9 2.2 02
5-9 .01 .01 A1 .13 1.4 1.8 .02

Canal L-28 .03 .0l Nk .13 1.6 1.7 .02

(index site)

Marshes

3-258 ey Lo WO L 1.6 1.4 .02
1-15 00 .00 .04 R i.3 1.4 .01
2-17 L0 .0l 05 .06 2.2 2.4 .01



inorganic nitrogen decreased 3 percent and 4 percent per kilometre {4 percent
and 6 percent per mile) (table 2A). The decrease in specific conductance Iin-
dicates dilution from ralnlfall on the marsh and canal. The decrease in phos-
phorus and nitrogen Indicates: 1) dilution from rainfall plus uptake; or,

2) additiom [rom rTainfall plus uptake in excess ol the addition. Rainfall
conlributes large loads of nitrogen and phosphorus to the conservation areas,
bulL much of this is retained in the marshes (Waller, 1975). Concentrations
of Inorganic nitrogen and phosphorus in the water of the marshes are typlcal-
ly lower than in the water of the canals in the conservarion arcas (table 2),.
The decrease in nltrogen and phosphorus downstream in these canals, then,
probably reflects dilution plus uptake.

Nitrogen and phosphorus Uptake in Marshes

Samples were collected along twenty-two transects during high waler
(September”1973) and low water (Jamuary 1974) periods (fig. 3). The purpose
of the transects was to avaluate the movement of water from the canals Into
the marshes, and the changes in water chemistry caused by this movement. Each
transect extended [rom a canal, or across a canal, into the marshes of the
conscrvation areas. Inorganic forms of nitrogen and phosphorus, specilic con-
ductance, dissolved oxygen, and temperaturc were measurcd at selected distances
along the transects (Basic data A).

Specific conductance, which is not readily altered by bhiological actlvity,
was used as an indicator of water movement. Canals in the northern parts of
the conservation areas tend to have relatively high conductance, often above
1,000 pmhos/cm (micromhos per centimetre). Becausc canal waler hag higher con-
ductance than rainfall (rain water is usually below 100 pmhos/cm) the movement
of the canal water into the marshes can be estimated from Che specific con-
ductance of water in the marshes. Concentrations of dissolved oxygen and the
inorganic forms of nitrogen and phospherus, however, arc much more susceptible
to biological changes than is specific conductance.

Around mich of the perimeter of Conservation Area 1 speeifie conductance
docreased to that of the interior (100-1530 umhos/cm) within a few kilometres
indicating that canal water was a minor parl of the water al those distances
(figas. 6 and 7)., In the southwest, however, specific conductance values half
that of canal water were measurcd at several kilometres in the marsh, indicat-
Ing that water from canals, mixed with rain water, exlended farther into Che
interior in the southwest than in other parts of Area 1. Avcrage specilic con-
ductance for all marsh sites in Area 1 was only 248 wmhos/cm in September 1973
{table 3).

While canal water did not flow into the marshes of Conservation Area 1
much beyond several kilometres, it did penetrate into the interior of Con-
servation Area 2A and alter quality there. Spccific conductance, for example,
was only slightly higher in 1972-73 in the Hillsboro Canal at 5-6 (1,340 pmhos/
cm) than in the marshes near the center ol Area 2A (1,150 umhos/com) .

Data are not available to adequately evaluate the effect of canal water

on specific conductance in Area 3. ‘'three transccts in September 1973 Indicate,
however, that the spread of canal water outward from TL-67 and L-29 canals into
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Table 2A.--Changes in nitrogen (N) and phosphorus (P) in milligrams per litre
and specific conductance in micromhos per centimetre at 25%C at
paired sampling sites on canals in the conservation areas. (The
values represent monthly averages of 24 samples except 2A which
had 23 samples) over the period September 1972 to June 1974. Loca-
tion ol zites shown on Figures 3 and 5B.

Dist.
Down=- Specific
stream Inor=- Total GCond,
Site Kilometres NO3-N NO2-N NH3-N ganic N P unhos
1A 11 0.64 0.10 0.44 1.2 12 1270
1B 11 .02 10 23 .04 1000
Percent clrangno -83 =80 =77 -81 -66 =22
2A 13 .37 .04 .19 .60 .04 1150
2B 10 .02 .15 27 .03 1000
Percent change =73 =50 -22 -55 -25 -13
34 24 70 .05 .12 .87 .03 930
3B 46 .02 -08 .56 .02 740
Percent change =33 -6 =33 =36 -33 =20

Average percent
change ~-63 ~63 =44 -57 =41 -138

Percent change
per kilometre - 4 - 4 -3 -4 -3 -1
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Seplember 1973

1974

Tamuary

Humber of Specific
Habitat twpe Samples Ha3-E Az -~N WH3-¥ PO4-F Cond.
Ferimeter canals 16 .11 o.03 .38 0.02 1,040
' Marsh, Conser. Area 1 21 .00 -0} .21 L0 248
Marsh, Area 2 4 Naly _00o .16 .01 1,025
Mersh, Area 3 14 .00 LQ0 W12 .00 395
Total Marsh 39 SO .00 17 .ol 843
Transeckts A4, E. F 3 .18 .05 B3 .04 80
(canalsh

Transects A, B, F 3 .00 .00 .26 .01 677
(1l00-metres in marsh)

Interior marshes

of Aress 1 and 3 5 .01 L00 17 .0l 163
Agriculgural canals

at Area 1 10 .19 L6 .86 05 1,070
Ferimeter canals 11 .18 02 .38 ol 972
Marshes LY 36 .01 .00 14 .00 650
100 metres in marshes 8 .04 02 -18 L00 859
Intericr marshes of

Area 1 2 .00 .00 .17 L0 102

Table 3,--&verage concentrations in mgfl of W03, ¥Op, WH3 {(as ¥} and P04 (as B} in the conservation areas

and adjacent canals on 10-11 September 1973

and 16-17 January 1574,

micromhosfom ak 25 CUY

(Specific conductance in

1 includes all measurements beyond 100 metres from a canal.



the marshes in the south part of Area 3A was slight. In the northeast,
however, canal water spread farther, (DBasic data A).

Concentrations ol pheosphorus and inorganic nitrogen tended to decrcase to
marsh background levels within 100 metres (330 leek) of the perimeter canals
{figures 8-11 and Basic PData A). Within this distance changes in specific con-
ductance tended to be relatively small. the high specilic conductance indi-
cates dilution is nol an important factor in the decrease in phosphorus and
inorganlc nitrogen, :

Ammonia (NH3-N) was the most abundant form of inorganic nitrogen Lo both
wet and dry seasons. In Scptember 1973 and January 1974 ammonia averaged
0.38 mg/1 in Lhe perimeter canals. 1In the marshes 1t averaged 0,17 mg/l in
Septembor, and 0.14 mg/l in January, Within 100 metres of the perimeter canals
ammonia declined to less than 53¢ percent of the comcentration in those canals
(table 3).

Nitrate (NUg—N) cancentratlons in the perimeter canals averaged 0.11 mg/l
in September 1973 and 0,18 mg/l in January 1974. It was only occasionally de-
tected beyond 100 metres (330 feet) from the canals.

Nitrite (NOQ,-N) was detected in about 30 percent ol che canal water
samples, and averaged 0,03 and 0.02 mg/1 in September 1973 and January 1974.
It was scldow delected in the interior marshes.

Orthorhosphale (P04-P) averaged 0,02 wp/l and 0.04 mg/l in the perimeter
canals in Septemher 1973 and January 1974 (table 3). Concentrations in the
marsh averaged (0.01 mg/l in September and less than 0.0l mp/l in January., In
September 1973 orthophosphate apparently penctrated farther into the marshes.
Concentrations above 0.0l mg/l were recorded in 43 percent of the samples and
gome of these hlgher walues were at distances more than a kilomotre from a
canal.  Tn January 1974, values did not ezceed 0.01 mg/l beyond 100 metres
{330 feet) from the canals.

Concentrations of dissolved oxygen Lended to increase [rom canals inta
the marsghes (figs. 8-9). In January 1974, for example, concentrations of 5
canal samples in Area 1 averaped 2.9 mp/l, as comparced with 5.9 mg/l In the
marshes at the emd of the transeccts, The concenlrations at the conter of
Arca | at that time averaged 7.5 wmg/l. The increase in dissolved oxygen with
distance from canals may be attributed to an increase in photosynthetic pro-
duction, rhotosynthesis in canals could be vestricled by influx of anaerobic
ground water, rapld water movement, water depth, Lhe absence of large stands
ol aquatic plants ar other factors.

Dicl Chemical Changes

Dissolvod Oxyren
Oxygen is replenished to the waters of the NTverglades by photosynthesis

of submerged aquatic plants, and it Is depleted by rvespiralion of these plants
and other organisms. Oxygen also enters and leaves the waler by diffusion to
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and from the atmosphere. Changes in dissolved oxygen over a 24-hour ecyclae
reflect, to a large degree, biological metabolism--resplration and photo-
synthe=sis, Large inecreases in dissolved oxygen during the day usually indi-
cale pholtosynlhetic production; dectreases in concentration at night usually
indicate oxygen uptake by resplring organisms,

Fmergent plants produce and release oxygen mostly above the water surface.
The submerged plants, particularly the periphyton, produce and release oxygen
into the water, Phus, measurcments of changes in dizsolved oxygen In the water
reflect primarily the metabolism of submetrged organlsma.

Diel studies were made at four lucatlons In the conservation arcas
(fig, 3A), Two of these, 5-5A and the Hillsboro Camal at 5-10A, C, and D, re-
ceive water of relatively poor quality pumped from agrlicultural areag to the
north. At the third location, -9, water ol better guality is pumped from the
cagt, The index location, L-28 canal, is romote from pumping and farming ac-
tivitics.

The concentration of dissuvlved oxygen in the large canals near 5-35A and
5-9 and Iin rhe Hillsboro Canal fluctuated little over 24 hours (Basic Data B,
C,D,E). Imn canalg near 5-5A ovxygen saburatlon near the surface ranged from
about 60 to 70 percewt on Jamuary 16-17, 1973, and about 10 to 30 percent on
September 10-11, 1973. In the Hillsboro Canal {(Janvary 1974) and in the canals
near 5-9 (Jamuary 1973) saturation near the surface fluctuated from about 40 to
70 percent., The concentration of dissolved oxygen decreased with depth; in rhe
Hillsboro Canal, for example, saturation ranged from about 30 ta 55 percent
near the bottom (2-3 metres), At 5-5A conditions were nearly anaerobic close
to the bottom. For comparison, saturallion of dissolved oxygen near the surface
at the index statlon, L-28 Canal, ranged from ahout & to 100 percent on
January 16-17, 1973 and from about 35 to 75 percent on September 10-11, 1973.
Digssolved oxygen decreased with depth on September 10-11, 1973 and near the
bottom ranped between about 25 and 45 percent saturation over 24 hours.

The relatively small fluctuations in dissolved oxygen in the large canals
nedar 5-5A and §5-9, and in the Hillshoro Canal (§5-10A, €, D) indicate a pheoto-
synthetic production near zero. This low productivity may be attributed to
waler movement which tends to inhibit large plankton bloows, and to deep water
which restricts sunlight penetration and inhibits benthic plant production.
The low dissolved owygen in bottom waters indicates respiratory consumption of
oxygen, Ground water influx and other factors may also contribute to low dls-
solved oxygen near the bottom of canals.

A few diel studies were made in the marshes ol the narthern and eastern
Everglades. Near 5-10C in Conservation Area 2A, measurements were made on
January 16-17, 1974 at 15, 30, and BOO metres from the collector canal. The
maxzimum daytime concentration of dissolved oxysen (65 percent) occurred at
13 metres (50 [eel) and the minimum (20 percent) occurred at 30 metres (100
feet). At 800 melres (2,040 feet) In Lhe marsh saturation reached 55 perecent,
Conditions at the 3 marsh sites were nearly anaerobic by carly morning
{(fig. 12). At a second location, mear 5-9, maxlmum oxygen saturatiem at 3
marsh sites on January 16-17, 1973 ranged between 72 and 105 percent, while
minimum saturation ranged between 15 and 78 percent.
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Data arc avallable to document seasomal diel fluctuations of dissolved
oxygen at L-28 c¢anal in the western part ol Conservation Arca 3A. These dala
indicate that diel fluctuations are varlable from month to month, from season
Lo season, and [rom year to year during the same month (figs. 13 and 14).
Maximum oxygen saturation, measured quarterly or monthly for 4 years, cxceoded
100 percent 4 of 18 times. C(reatest oxygen production occurred in spring and
was closely related to low water level, Ilighest oxygen concenlrations ovoc-
curred at lowest water level, in May 1971 (fig., 14). Dissolved oxypen fluctu-
abed less than 30 percenl over 24 hours in most cascs,

Nitrogen and Phosphorus

Inorganic nutrients Iln waler might be cwpected to change in concentration
during 24-hour periods in response to biological metaboliasm, Thay would he
removad from the water during the day by photosynthesis and relcased to the
watecr at night by respiration. I pholLosynthesis exceeded tespiration, a net
decrcagse in nutrients would occur in Lhe water.

Data were collected over 24-hour perinds for nitrate, nilrite, ammonia,
and orlhophosphate {or orthophosphate plus acid hydrolyrable phosphorus) at
sites near 5-5A (January 16-17, 1973 and September 10-12, 1973), 5-9 (January
16-17, 1973), the Hillsboro Canal (January 16-17, 1974), and at L-2?8 Canal
(September 10-11, 1973). Some changes in these nutrients were recorded over
diel ecycles; however, these changes are larpgely attributable to inflow of water
of a different chemical character as indicated by changes in specific con-
ductance, Thug, melabolic changes in concentratlons of phosphorus and inor-
ganic nitropen were not cvident over diel cycles ab these sites (Rasic Data 3,
C, D).

Chemical Changes with Backpumping

Pumping Station 5-5A

On September 10, 1973 diel studies were begun near pump station 5-5A.
Water had last been pumped Into Arez 1 un September 7 (15.0 m3/s or 530 [U
3/8). oOm September 8 and 9 water was pumped from Area 1 into the West Palm
Beach Canal (2.7 m3/s and 2.5 m3/s or 95 [t3/s and 88 ft3/s). nuring the dlel
study 5.6 m¥/s (198 [13/s) of water werc pumped From the canal into Area 1 an
on the 10th and 3.4 wm3/s (120 I[13/3) on the 1lth.

In the West Palm bBeach Canal (site 1, fig. 4), waler remained reolarively
slratified during the [lrst day of the diel study. Speciliic conductance near
the bottom was sbout double that near the surface, By September 11, however,
Lhe water was mixed and specific conductance was relatively uniform with
depth.

The concentratlon of dissolved oxygen tended to he hlgher at site 1, in
the West Palm Beach Canal, where it ranged from 37 to 68 percent saturation
near the surface, than at the other canal sites within Area 1, where [t ranged
[rom about 10 to 3Q percent saturation (soc Fig. & for site locationsz). For
comparizon, dlsselved oxygen at the index site al L=78 ranged [rom about 3% Lo
73 percent saturation near the surface and [rom about 25 to 45 percent satura-
tion near the bottom,
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Pumping appeared to have little effect on dissolved oxygen in the West
Palm Beach Canal (site 1), but caused a nearly uniform concentration Inm the
Area 1 canal (site 2) downstrcam of 5-5A (Fig. 15). Before pumping, bottom
walers at all aites (2.4 Lo 3.6 metres or 7.9 to 11.8 feel) were virtually
devoid of oxygen; alter pumping, dissolved oxygen at sites within Area 1 was
ouly slightly lower at the holtom Lhan at the top. The average dissolved
oxygen incrcased alter pumping began, caused partly by the 1nflux of water
from the West Palm Beach Canal which contained higher concentratlons of
DRy Zen.

Probably the most pronounced cffect on water gquality after pumping was
the sharp rise in the concentrations of ammonla al sites downstream (table 4).
At site 2, for cxample, the average concentration on September 10, 1973 in-
creased from 0.53 to 1,4 mg/l (WT3-N). The high comcentratlon of ammonia may
reault from an appreciable ground water contribution to the Arca 1 camals,
from a mixing ellfeclt that releases ammonia from bottom sediments, or [rom the
breakdown of.organic nitrogen to ammonia, Concentrations of ammonia did noert
increasc in the West Palm Beach canal with pumping, and remained less than
half of those in the conservation area canals. This suggesls a mixing effect,
which facilitates the breakdown of organic nitrogen or which releases ammonia
from the bottom sediment, may be the most important cause of the risze In am-
monia concentration, The increase in ammonia occurred at least 2 kllomebres
Juwnstream on Scptember 103 no increase was detected at 3 kilomelbres {(slte 7)
throughoult the diel study ending at (0725 hours on September 12,

The average concentrations of orthophospheate, nitrite, and nitrate de-
creased slightly after pumping at most of the sites in the conscrvation arca
canals (tahle 4)}. The greatest decreases were at sites 2, 3, and 4 which
were nearcst the pump station. Speclfic conductance increased slightly at the
samc sites. Thls suggests that the mixing cffect of pumping locally increased
the uptake of the orthophosphate, nitrite, and nitrate,

Pumping Station 5-9

Diel studies were made at 5-9 (fig, 5) on January 16-18, 1973. On
January 16 no waler was backpumped west into Conservation Area 3A; on the 17th
water was hackpuwmped for aboul 7 hours.

On January 17, 52.4 m3/s (1850 £t3/8) ol water were backpumped from the
South New River Canal westward into Conservation Area 3A. Of that water 27.8
w3 /3 (981 £:3/5) moved northwest in L-68 canal and 24.6 m3/s {868 £t3/5) moved
southwest in L-67 canal.

The water in the South Neow River Canal at sampling slte 1 was character-
ized by hlph concentrations of ammonia (mostly greater than Q.30 mg/l as
NHa-N), and low concentrations of nitrate (0.01 mg/l NO5-N) and dissolved
oxygen (about 10 to 15 percent saturation or 1,0 mg/l)., According to
Freiberger (1973) the reason for the high concentration of ammonia east ol §5-9
is that most of the canal is in an anaerchic state much of the year due Lo
inflow of ground water during backpuwmping. Ground water 1s pgenerally low in
dizsolved oxygen; undor anaerobic conditions ammonia is the common form of in-
organic nitrogen.
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Table 4.--Averapge concentrations of nutrients on September 10, 1973 at sampling

sltes near S5-5A before pumping and afterxr pumping (basic Data ). (No

water was pumped Into Area 1 for 2 days before September 10, 1973,

For location of sampling sites sece figure 4.)

Before

pumping
Sampling site 1 (above 5-5A)
Number of samples (N) 4
Specific conductance 780
POy as P {mg/1) 0.03
NH3 as N (mg/1) 0.60
HO7 as N (mg/l) 0.04
NOa as N (mg/1) 0,30
Dissolved oxygen (DO) mg/1l 1.5
Sampling site 2 (helow S5=5A)
N 8
Specific Tonductance 1101
PO4 as P .05
NH4 as N .53
Mo as N .11
NOq as N 41
DO .8
Sampling site 3 (Canal 7)
N 4
Specific Conductance 1090
PO4 as P .06
Wiz as N .54
NOg as W .10
NOq as N .43
Do 1.1
Sampling site 4 (Canal 40}
N 4
Specific Conduclance 1090
POy as P .04
NH3 as N A3
NO4y as N .08
NO3 as N .31
o 1.1
Sampling site 5
N 4
Epecific Conduclance 1030
P04 aa F 04
WiTy as N .39
MOy as N Neli
NO4 as N 223
o W9

40

After
bumping

677
0.02
0.54
(.03
0.27
3.3

L2
11358
.03
1.4
-Q9
.30
1.5

G
1209
03
1.3
.08
=30
1.6

1253
.03
1.3
.08
.31
1.4

1048
.05
.22
.08
.29



Table 4.--Continued - Average concentrations of nuttients on Seprember 10, 1973
at samplineg =ites near §5-5A before pumping and after pumping (Basic
Data T). (No waler wag pumped into Area 1 for 2 days before Septem-
ber 10, 1973, Tor location of sampling sites see figure 4,)

Before After
pumping pumping
Sampling site 7
N Z 4
Specific Conductance - 1005
PQ4 as P .05 ‘ 04
N3 as N Az .38
NO7 as N .07 .06
HO3 as N .21 .20
Do 1.0 1.4

40a



Backpumping from the South New River Canal had & definite effect on
three waler quality constituents in Conservation Area 3A. 7This effect is con-
sistent with that reported by Freiberger (1973). Firat, it Increased the con-
centration of ammonia (fig. 16). For example, at site 2 near the 5-9 dis-
charge (he average concentration increased from 0.28 to 0.45 mg/l (table 5).
The increase extended along L-67 canal at least 5 kilometres (3 milesz) south-
west of §5-9 some 8 hours after backpumping hegan (fig. 17). Second, backpump-
ing decreased the concentration of nitrate at canal stations in the conserva-
tioen area (fig. 18 and Table 5). Third, it lowered the dissolved oxygen at
tanal stations «{fig. 19 and Table 5). Marsh sites 4 and 8§ were not immediate-
ly affected, but dissolved ouwygen was lower on the day after pumping than on
the day before pumping (fig. 20). Nitrate and ammonia increased slightly ac
marsh sites 4 and B after backpumping began. At marsh site 3, northwest of
5-9, nitrogen and phosphorus changed 1ittle with backpumping.

Nitrogen and Phosphorus Loads

Bainfall and dry fallout (bulk precipitation) contributed 78 percent
(5,200 tonnes or 5,720 tong) of the total nitrogen and 90 percont (207 tonnes
or 228 tons) of the total phosphorus that entered the conservation areas from
July 1972 to June 1973 (Waller, 19%75). The remaining 22 percent of nitrogen
and 10 percent of phosphorus entered at 6 pumping stations and by uncomtrolled
surface-water Inllow. Pumping water intu the conservations added 1,300 tonnes
(1,420 tons) ol nitrogen and 21 conmnes (23 tons) of phosphorus. Backpumping,
which naow occurs only at station 5-9, added 230 tonnes (253 tons) of nitrogen
and 1.8 tonnes (2 tons) of phosphorus to Comservation Area 3.

With the construction of additional pumping starionsz, canal flow to the
sea could be reduced by increased backpumping into the conservation areas., It
is estimated that 50 percent of rhe tokal sonual canal runoff in southeast
Florida, which ranges from 28 m3/s (1,000 £c3/s) to 190 m3/s (6,800 £t3/s)
could be backpumped (Howard Klein, written communication, 1975), Assuming an
average concentration for total nitrogen of 2 mg/l and for total phosphorus of
0.02 mg/l (values comparable with those found today at §-9, see Lable 2),
backpumping 50 percont of the total antual ecanal runofl would add 900 to 5,600
tonnes (990 to 6,160 tons) of nitrogen and 9 to 56 tomnes (10 co 67 tonsg) of
phosphorus. This constitutes about 15 to 100 percent of the nitrogen and 4 to
27 percent of the phosphorus thal entered the conservation areas by bulk preci-
pitation in 1972-73. Urbsanization or further agricultural development east of
the conscrvation areas would likely increase these loads,

BOTTOM SEDIMENT CHEMLICAT CITARACTERISTICS

Bottom sediment in the Everglades is a combination of organic and inorgan-
ic constituents. Sedimenl in marshes is mostly organic--peat, decaving vepgeta-
tion, and sometimes perlpbyton. Sedlment in canals contains limestone, sand,
and clay in addition to organic detritus. Composition of the sediment is
variable depending on runoff, flow velocity, and age of the canals.

Nitrogen and phosphorus occur in the bottom sediment in organic and inor-
panie forms. Nitrogen is mostly organic with gmall amounts of inorganic
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Figure 16,--Changes in concentration of ammonia (HH3-N) at four sampling
sites near 5-9, January 16-18, 1973. Sites 1, 2, and 11 are
in canzls., Site & is in the marsh. {For site locations see
Figure 5}.




Table 5.--Average concentyalion of nutrlents belore and alter pumping at §5-9

on 16-18 .January 1973,

(Basic Data D).

(Seiecled sites and param-

eters ave graphed in fipures 16-20.

Sites are shown on figure 5.)

Site 1 (South New River Canal)

Number ()

Specille Conductance
Acld hydrolizable P and PCy as D
NMq-N as N (mg/1)

NO7-H as N (mg/1)
NOq-N as N (mg/1)
Dissolved oxygen (D)

Site 2

N

Specific Conductapce

PO as
NHy as
NQa as
N as
jLA]

b=

Site 3 (Maxrsgh)

N

Specific Conductance

POy,
g
NOy
NOq
Do

a5

Z=2=2 -

Bitc 4 (Marsh)

N

Specific Conductance

POy
NH 3
NO g
NO3
Do

as

== Ao

Site 5 {(Canal North)

N

Specific Conductance

POy,
NH 5
N02
NO
Do

i5
i

F

N
N
N

Bafore pumping
(0900 to 0950)

680
.00
.36
02
0l
1.1

751
.00
.28
.01
.16
4,1

734
L00
.02
L00
00
9.5

762
00
.08
00
.00
4.1

894
.00
.10
L0
.11

A3 6.5

Turing and
alfter pumplng

7-11
766
00
.50
L0
.01
1.1

3-11
757
.00
43
Q0
.03
1.4

745
00
.02
.00
.00
2.0

747
.00
.15
.00
01
1.7

805
200

L34
.01

.03
2.3



Table 5.--Continued - Average concentration of nutrients before and after pump-
ing at 5-9 on 16-18 January 1973, (Basic Data D). ({Selected sites
and parameters are graphed in figpures 16-20. Sites are shown on

[lyure 5.

Belfore pumping Turing and
(0900 to G950) after pumping

Site 6

N 7 6
specific Conductance 878 873
PO4 as P .00 DO
NH3 asz N .11 12
NQ2 as N 01 00
NO3 as N 08 .07
Do 6.9 6.5
Site 7

N 7 6
Specific Conductance 797 768
PO4 as P 00 Q0
MH3as N .24 AL
NOz as N .02 .00
NO3 as N .14 04
DO 3.9 1.8
§ite 8 (Marsh)

N 7 )
Specific Conductance 785 813
PQ4 ag P .00 00
NH73 as N .04 .05
NO2 as N Q0 =00
HNO3 as N .03 .05
) 4.1 3.7
Site 9

N 7 5-6
Specific Conductance 846 795
POY4 as P .00 00
NH3 as N 18 .33
NOs as N .01 .00
W0g as N .12 .05
Do 5.2 3.6
Site 10

N b7 6
Specific Concductance 367 827
POg4 as P 00 .00
WHy as N .14 .23
Nl')z as N L00 .00
N03 as N .12 .06
Do 43a 6.0 4.7



Table 53.--Continued - Average concentration of nutrients beforec and after pump-
ing al 5-9 on 16-18 Januwary 1973, (Dasic Data D). (Selected sites
and parameters are graphed in figures 16-20. Sites arc shown on

figure 5.

Before pumping Muring and
{0900 to 0950) after pumping

SiLe 11

N 7 6

Specifl¢ Conductance 861 841

Iy as P 00 .00

NH3 as N .15 21

NO2? as N .00 00

NO3 as N 13 .07

Do 9.4 4.3
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ammonia. Phosphorus oceurs elther in organic form, derived from plancs and
mimals, or inorganic Lorm, derived from ¢lays and minerals.

Hitrogen in Bottom material is usually unavailable to the overlying
water, Under anserobic conditions, however, ammonla may be released From
the sediments. Also, ammonia way be released when the scdiment i apltated,
when urea 1s excreted (rom benthic organlsms, or when organiec cells break
dowr. The hottom materials act as a mltrogen sink by accumulationg organics
that have settled, by adsorbing ammonia onto clays, metal oxides, hydrox-
idea, and organic colloids, and by the process of denitrificaticon under an-
aerohle conditions.

Fhosphorus in bottom sediments may be derived from many sources. The
organic fraction, usually proteins or enzymes, may come from bottom orga-
nisms or from organisms Chat sink from the water above, 'The inorpanle frac-
tion may come from the breakdown of organic material or from mlnerals in
runofl and rainfall. The common inorganic form, phosphate, Ls often sorbed
on organic ecolloids, associated wlth carbonates or preclpitated by aluminum,
iron, or manganesc, Phosphate minerals release little soluble phosphate to
the water,

Phosphorus uptake and release from bottom materials are controlled
mainly by pH and redox potential at the water-sediment interface, by concen-
trations of oxygen, calcium, iron, aluminum, and manganese, and by sediment
mixing and agitation. Under anacrobic conditions, which result in low redox
potential, phosphorus is rcleased from the sedlment, Under azerobic condl-
tions, however, it is bound in the sediments with iron, aluminum, snd manga-
nede hydroxides and oxides. ‘Lhe release of phosphorus from sediments lLs
also facilitated by high (greater than 7) or low (less than 5) pH. High
concentrations of calecium will scavenge Lnorganic phosphorus from Che water
column by forming precipitates.

Chemical analyses of bottom sediments [rom the Everglades marshes and
canals are shown in Table 6, The average concentration of organic materlal
in the botrom sadiment at 11 long-term sites ranged from 2.5 to 87 percent.
Tho average marsh concentrations ranped From 62 to 87 percent, amwl the aver-
age in canals from 2.5 to 47 percenl. Becausc the amount of orgeanic mate-
riul determines to o larpe degreo the concentrations of nitrogen and phos-
phorus as well as melals, the average concentratbion ol these elements also
varied widely in the sediment. For example, the averape nitrogen concontra-
tlon ranged Lrom 1.9 to 46 g/ke, and phosphorus ranged From 7.5 to 640 mg/ky.

To compare elemental composltion of scdiment ssmples with dillervent
amounts of organic matter, it is necessary to normalize the samples. This
can be done by caleulating the amount of nitrogen and phosphorus present in
the sediment for each 100 grams of organic carbon. For example, 1T ome
semple has twice as wuech organic matter as another, one would expect, under
compatralle environmental conditions, twice as much phosphorus, nitrogen, and
metals in the organically rich sample as in the organically poor sample.
Once normalized, differences in clemental concentratlons may be attributed
ta lactors other than organiec content. For example, sodiments may be en-
riched in a particular element because ol contamination from an ocubside
source.
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Table 6.--Average concentrations of macronutrients and selected metals and percent otrganic material in bot-

tom sediments at selected canals and marshes in the Everglades. (For locations sge fiaures 24, 3
and 5B.)
Organic Total Total Percent
Carhon Nitrogen Phosphorus Orzanic Iron Manganese Copper Lead
{milligram per kilogram) (microgram per gram)

Agricultural Canals

-5 5¢, 000 3,700 125 15.9 3,850 47 14 35
5~6 257,000 14,000 83 49,1 3,250 67 38 28
5-7 Ok, 000 10,000 &7 23.48 5,650 97 158 128
5-8 8,300 1,900 490 2.5 2,440 16 5 12
5-9 6,500 4,400 a0 3.1 652 11 11 59
Average
Non Agricultural Canals
S-11C 94,000 5,300 180 28.3 4,300 131 13 39
L-674 67,000 B, 600 7.5 16.0 3,170 137 21 69
1L-28 East 82,000 15,000 110 22.3 7,700 a7 10 46
Average
Marshes
1-15 420,000 35,000 167 86.6 2,370 o8 4 31
2-17 282,000 23,000 235 67.9 1,310 o7 8 20
3-28 366,000 46,000 250 62.4 6,620 126 8 43

Average



When the chemical data from Table & were normalized to organic carben,
the average concentrations of nitrogen, phosphorus, irom, copper, and lead
were generally highest in the canals near pumping startions, somewhat lower
in the canpals remote from pumping, and lowest in the interior marshes
(table 7). Average concentrations for a specific element In the marsh were
relatively uniform, but concentrations in the canals wvaried greatly. This
suggpests that the elemental sediment composition In each canal may be con-
trolled by complex factors not accounted for by the simple categorization
of canals into those near pumping =tations and those remote [rom pumping

stations. -~

The chemical composition vf the sediment In canals may be dynamic,
compared with that of the sediment in marshes, because the sediment in
canals [s exposed to relatively rapid water flow, turbulence, and resuspen-
glon, partlcularly near the pumplng stations. Resuspension may release
soluble nitrogen and phosphorus buried 1in the sediment and also increase
the exposure of sediment surlace area to biological and chemical activity.

A synoptic sampling in the peripheral canals and adjacent marshes of
Comservation Areca 1 was made to determine the nitrogen and phosphorus con-
centrations in sediments., (see Fipure 5A for site locations). The analy-
ses ol organic carbon, nitrogen, phosphorus and 5 trace metals are glven in
Table 8.

There was considerable variation in elemental composition asmong the
samples [rom canals and also among those from the marsh., In general, how-
cver, the average concentrations of carbon, nitrogen, =and normalized phos-
photus differcd between these environments. The average organic carbon was
about twice as high in the marshes, 307 g/kg, as Lt was In the canals, 149
z/kg. Nitrogen concentrations were about three times higher in marsh sedi-
ments than in the canal sediments, averaging 27 g/kg and 10 g/kg respective-
ly. However, normalized nitrogen concentrations were about the same in the
two enviromuents. Averdapge phosphorus concentrations werc about the same in
the two cuviromments (183 and 187 mg/kg). However, when the phosphorus com-
centrations werc normalized to account for differences in organic matter,
phosphorus was higher in the canal sediments, 200 mg/kg, than in the marsh
sediments, 62 mg/kg (Eable 9).

Ratios of curbon to nitrogen to phosphorus (C:N:P), based on the aver-
age values [or canal and marsh sediments given in Table &, further illustra-
te ihe phosphorus enrichment in canal sediments with respect to carbon and
nitrogen., The C:N:P ratio in conal sediments was 810:55:1 as compared with
1613 :145:1 1n the marsh sediments, indicating phosphorus in canal sediments
is enriched by a Factor of 2 to 2,6.

The concentration of iron, mangancse, copper, lead, and mercury in the
bottom sediments varied widely and no areal pattern was evident (Table 8).
There were differences, however, betwaeen the average concentrations in
canals and marshea. When normalized to the mmount of organic carhon in the
sediment, the 15 canal samples were slightly cenriched, on the average, in
mangancse, iron, coppetr, and lead compared with the 7 marsh samples.

At sclected sltes within the Fverglades, aquatic marsh plants and
bottom sediments were collected and analyzed for nitrogen, phosphorus, and
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Tahle 7.--Average normalized concentrations of macronstrients and selected trace elements in bottom sediments at selected canal and marsh sites
in the Everglades. (Averages of % azamples collected guarterly, Ockoaber 1972, Aprll and Qctoher 1373 and April 1974, 2Data are notmalized
te LO0 grams per kilogram organic carbooy

Tetal Tatal
Organic Carbon Witrogen Phosphorus Iron Manganese Coppet Lead
grams per kilogram grams per kilogram willigram per kilegram micTogTALE PEL BLEC
fazctor
Agricultural Canals
near pumpicg stations 5-5A 100 .2 7.4 230 f, 700 04 2B 7l
5-f i0a0 A 3.6 33 1,300 27 15 11
§=7 100 1.1 11.& %6 6,215 Loy 20 141
5-8 100 1z 22.8 5,880 29,280 192 &0 144
-9 100 15 b& 9,600 9, 7RG 1485 LES BH3
Average 22_n 1,440 0,094 117 55 250
Hon-Agriculeural 5-11¢ 100 1.068 L. 191 4,558 139 14 L
Canals 1-674 100 1.5 9.9 11 7,755 206 az 104
L-28 Eest 100 1.2 153.0 132 0,240 116 12 35
sverage 1.2 111 7,104 154 19 [+
Marshes 1-15 100 24 2.0 40 589 21 1 7
2-17 1040 .35 8.0 52 486 34 3 7
3-28 100 27 12.4 68 1,787 34 2 13

dverage 9.8 B3 954 30 2 9



Table 8.--Chemical analyses of boltom gsediments collected in Conservation Area 1
in February 1974. (Location of sampling sites shown on Fipure 5A.)
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12 86 13 130 W03 47 2700 5 20
16 54 9.2 150 02
20 28 4,6 130 .03
24 130 10 97 .03
28 240 20 150 .03
32 220 2.5 140 Q0
26 250 23 200 .00
40 290 23 180 .23
4, 230 .75 190 .00 140 8200 24 25
L 210 17 230 00 120 3200 19 25
48 150 11 270 .00
52 22 2.4 150 Q0 6 1300 2 X8
Average 149 9.98 183 03 68 3460 11 18
Std. dev. a7 7.95 53 .06 59 2748 10 3
Marsh sites
4 410 29 130 03 29 1400 & 13
12 190 23 830 14 29 1900 5 25
20 350 22 230 .10
28 290 17 50 Q7
36 340 aq 260 .00
L 260 a0 330 .06 70 2800 il iB
52 310 31 230 LA 25 2500 12 33
Average 307 27 187 08 a8 3650 14 27
std. dev. 70 7 102 .05 21 3463 12 11
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Table 9.-=Concentrations of nitrogen and phosphorus In bottom sediments

normalized to 100 grams per kilogram organic carbon,
February 1974. (Locations shown on figure 3543,

Canal sites N P
0 10. . 236

4 .89 .215

8 1.2 . 193

12 15. . 209

le 17. 278

20 16. 464

24 7.7 .075

28 8.3 063

32 1.1 064

36 9.2 08B0

40 7.9 .062

41 .33 083

Ly 3.1 110

48 7.3 . 180

52 11, 682
Average §.07 . 200
Sod. dev. 5.43 L173

Marsh sites

4 7.1 .032
12 12.1 ey
20 6.3 66
28 5.9 017
36 11.5 .076
! 11.5 127
52 10.0 074
Average 9.20 062
Scd. dev. 2.69 .036
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carbon content. The concentratlon of mitrogen inm bottom sediment was ahout
1,000 times greater than the concentratlon in the plants, and the concentra-
tion of phosphorus in the sediment was more thun 100 times greater than in
aquatic plants (fig. 21), The carbon concentration of both the plants and
sediments was simllar indicating the organlec origin ol the sediments.

The chemical composition of the bottom sediments within the Everglades
indicate that a variety of Factors are controlling the nitrogen and phospho-
rus content of these sediments., In general, the sediments are a sink for
nitrogen and phosphorus. Waller (1975) estimated that 74 percent of the
total nmitrogen and 96 percent of the total phosphorus that enter the conser-
vation atreas were retalned.

Under anaerobic conditions or when sediments are resuspended due to flow
and turbulence, bottom sediments may also be a source of nitrogen and phos-
phorus to the water. For example, the increased concentration of ammonla ni-
trogen, in the canal waters near 5-5A during pumping iz probably due, in part,
to the release of ammonia from bottom sediments due to mixing and resuspension
of these scdiments.

CHARACTERISTICS OF VEGETATION [N THE EVERGLADES
MARSH AND IN CANALS NEAR PUMPING STATTONS
Tntroduction

Most of the Everglades is saw grass marsh interspersed with gloughs, wet
prairies, and tree islands. Saw grass ls the domlnant plant; it comprises
about 65 to 70 percent of the total vegetation cover (Loveless, 1959).

Changes in Everpglades vegetative communities may be attributed Lo a
number of causes - some related to man and some not. Under ideal condilions,
vegetation undergoes orderly, successicnal changes. (ne commuuity replaces
another until a relatively stable situatlon is reached in which the final com-
mupity is in equilibrium with its climatic environment and is capable of self-
perpetuabion as long as the climate docs not change radically. The stable com-
munity is called cllmax; previous ones are sub-climax. EFach community in this
successional change has its own species, organization, and condltions. Envi-
rommental factors other than climate may control and malntain subellmax com-
munities; saw grass marsh, for example, is maintained by periodic scasonal
fires. Lightpning has always causcd some wildfires, particularly during the
summer when thunderstorms are common. WLldfires during the rainy season are
usually less severe than fires during the winter dry scason. Fires durlng the
dry season arc often man-caused.

The northern Bverglades has been mostly drained for farming so thalt litecle
natural vegetation remains except in Conservation Arca 1 (Loxahatchee National
Wildlife Befuge). In the southern kverglades Lwo other congervation areas and
Everglades Natlomal Park contain most of what is left of the natural vegectation.
The vegetation wlithin the conservation areas and the Tverglades Natlonal Park,
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Figure 21.--Carbon, nitrogen, and phosphorus concentrations of aquatic Plants
and bottom sediments collected in the Everglades, in January 1973.
{(For locations see figures 3 and 5R).
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however, has also been subjected to man-caused envirommental changes. Water
impoundment, for example, has altered hydroperiods and alfected plant commu-
nitics (Alexander and Crook, 1974; Hagenbuck and others, 1974). Canals have
not only dewatered land but have c¢reated new environments favorable Lo sub-
merged and floating aquatie plants., Draining snd channelization have cncour-
aged the spread of exotic plant species some of which are becoming dominants
in parts of the Lverglades.

In addition to changes in water inundation, vegetatlve communities may
be affccted by changes in water quality. Incrcased input of nutrients Into
lakes, for cxample, often accclerates Lhe process of eutrophication. Steward
and Ornes (1974a, 19740L) found that saw grass has a low nulrient requirement
and probably a limited capacity for removing nurrients [rom water. Ornes and
Stcward (1%974#) also found that enrichment of a saw grass community with phos-—
phorus and potassium resulted in phytoplankton blooms, dynamic shilts in
phytoplankton gencra, and the disappcarance of aquatic macrophytes Chara sp
and Utricularia sp. Gleason and Spackman (1974) reported that periphylon
composition and biomass in Area 1 changed in relation to a chemical gradient
from perimeter canals into the interior marshes, Calearsous, blue green
algae of high biomass dominated the perlphyton mear the perimcter canals
where concentracion of digsnlved solids was high as a result of agriculrural
runoff and grownd walter inllux. This flora changed to a green, non-caleareous
algal periphyton of lower hiomaszs in the interlor of Ares 1.

Survey and Sampling

Water of relatively poor quality has been pumped into the Everglades at
=54 and §-6 for a number of vears. Any ellects of altered water quality on
vegetation should be most obvious at these places. Fov this rcason we sur-
veyed or sampled the plant communities In the vicinity ol 5-34 and the
Hillshoro Canal below §-6, and for comparison, the communities jn the vicini-
ty of -9, mmd the Interior marshes ol the Everglades.

Resulls

The canals near 5-5A are heavlly infested with the submerged exollc
hydrilla, Hydrilla verticillata. The large reed, Phragmitcs ausltralis, is
dominanl ab the canal edge. The nearby marsh has dense cattail stands (Typha
sp) and ponded arcas with floating and submerged exotic plants. Plankts such
as Pistia siratliotes, Lemna, Salvinia, Azolla, Alternanthera philoxeroldes,
and filimenLous greoen algac are locally abundant.

Cattail is the dominanl emergent plant in the marshes near che TMillsboro
Canal, in both Areas | and 2; dense growth of this planl extends up to
scveral kilometres [rom the canal. Other large plants are virtually absent
aver large areas. North of the Nillsboro Canal there are also large pondad
arcds of open waler wicth predominantcly submerged plants,

AL pumping station $-9 canal banks are also characterised by heavy and
intermixed stands of cattail and Phragmites sustralis, Interspersed are
patches of yellow water 1ily Nuphar lutcum. Hydrilla, bladderwort, Najas,
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and Cabomba caroliniana are abundant. ‘The peripheral marshes have intermixed
stands of cattail and sawgrass.

Denge stands of cattall occur in the Everplades near canals, alomg
airboat rralls, or around trvee islands. Inm the interior Evcrglades cattails
are not usually abundant sxcept lor large stands around some tree Islands
and near tho mangrove fringe. 7The dense stands of catrctall in the conserva-
tion areas arve probably good indicators of disruption and stress on sawgrass.
Many ponded arcas, near the large canals in the northern conaervation arcas
are infested with exotiec submerged or floating plants thal are also indica-
Live of disruption., Dlsruption of the Everglades plant commmunities may re-
flect onme or a combination of [actors including altered wator levels, allered
water ruality, destruction of cxisting communitlies, or opening routes of ac-
cess by channcliration.

Aquatic plant biomass was sampled al four zlough locations in Conserva-
tion Area 1 (Basic data F). Two of the locations were near pumping station
3-5A; the other locations were in areas remole from pumping, Plants in the
quadrats were removed whole, including roots, separated into species, and
weighed wel in the field., Subsamples were returned to the laboratory, oven
dricd, and weighed.

Total wet welght vanged from 397 to 25,410 gm/w2, Because of the larpe
varlation at any one location no signlificant differences in hiomass between
the locations were evident., 8pecles composition differences were obvious how-
ever. Floating and submerged plants, including Hydrilla verticillata
Alternanthera philoxevoides and Najas gquadalupensis, were dominant in hlomass
at locations near §-5A. Cattail was the dominant emcrgent plant. In the
gqitadrats in the interior ol Area 1 the dominant emergent vegetablon included
Nymphaes odorata, Eleocharis, Bhynchospora tracyi and Poutederia lanceolata,

Selected nutrionts and Crace elements were measurcd in a varlely of marsh
plants. Samples of several common plant species were collected in areas of
relatively poor quality water (5-5A and 5-10 structures) and in arcas of rela-
tively good quality water (th: interior marshes of the conservation arcas),
Results for cach species are given in Table 10,

Hutrients, such as nilrogen, phosphorus, and carbon, and potentially
toxic metals, such as copper, lead, and zine are ollen associated with agricul-
tural or urban runoff., These might be expected to be in higher concomtration
in plants near 5-3A and 5-10C than in plants from the Interior marshea, No
such trends were evident, however, with the possible exception of phosphorus.
Samples ol caltail from 5-3A had 2 higher average concentralion of phosphorus
(2.2 mg/) than those from olher locations (1.0 Lo 1.2 me/g). Alza, the over-
all averape for all species was higher in this clemenl al $-5A and at 5-10C
(2.7 to 2.4 mg/g) than at the olher locations (0.8 to 1.4 mg/eg),  The highest
concentration of lead (21 wg/kp) was surprisingly in a catrtail sample from a
remote region ol Conservation Arca 3A.



Table 10.--Concentrations af nutrients and trace elements (totals} in aquatic plants from the water conservation
areas. (FPlants were collected January 1%73. Location of sampling sites shown on figure 3 and 5E,)

PLANT SPECIES

ditrogen Phosphorus Carbon COpper Lead Zine
5-54 {Area 1) {milligrams per kilocgram}(percent) {microgram per kilogram)
Cattail {tap) vpha sp, 18 2.2 39.7 4 1 16
Cattail (cop} ¥pha sp. 22 2.3 33.2 & 2 11
Cattail (roots) ypha sp. 14 2.7 3B.6 g 4 11
Cattail {(roots) wpha sp. 11 1.5 jo.6 5 1 13
Water lettuce Pistia gtratiales 14 2.3 32.2 4 5 1o
Water lettfuce Piskis stratiolen 21 3.3 33.6 4 7 14
Hydrilla Hydrillas verticillata 23 2.9 27.48 10 17 59
Hydrilla Hydrilla werticillata 21 3.5 30.8 8 9 &8
Water hyacinth Eichhornia crassipes 16 1.2 36.8 4 8 17
Water hyacinth Eichhornia crassipes 19 1.1 35.8 3 4 15
periphyton {algae) 19 1.4 32.4 4 9 12
periphyton 23 1.4 35.6 4 8 12
Duclkweed Lema sp. 17 2.9 36.8 7 io 29
Average 18.5 2.2 34,6 5.3 6.5 20
S-10o0C
Hydrilla Hydrilla verticillata 16 1.6 26.7 5 12 44
White water lilly Nymphaea odorata 23 1.8 40,9 2 2 13
Cattail (Etop) vpha sp. 13 1.1 3.0 2 2 6
Cattail (roots) Typha sp. 16 1.3 41.1 19 16 40
Fickerel weed {tops} Pontederia lamceolata 22 3.0 36.86 i 4 16
Fickerel weed {(roaks} Pontederia lanceclata 12 5.5 36.6 <] 6 32
Average 17 2.4 37.5 4.8 7 25
5 Miles So. of 5-10C (Area 2}
Cactall (tops) Typha sp. 17 1.4 43.0 3 2 1z
Bladderwort Ultricularia ap. 21 1.7 38.0 3 9 24
White water 1illy H. odorata 23 1.1 40,1 1 Z 15
Average 20,5 1.4 404 3 4 17
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Tsbkle 10.~-Conbinued - Concentrations of mutrienkts and trdace elements {(totals) in aquatic plapts from the

water caongervation areas, (Plants were collected January 1973,

Location of sampling sites shown

gon fipure 3 and 5B.)

PLANT SPECIES

{area 2%

2=17 {Center of Areaz 2}
White water 1illy

Interior of Area |

Bladderwoxrt
Cattalil (top)
Arrowhead

Pickerelweed {rtaps)

White water 1illy

L-28

Cattail (top}
Cattall {roois)

Pickerelweed (Eops)
Fickerclweed (rootbs)

3-28

White water Eilly
Bacopa

(Area 1)

H. odorata

Ultricularia sp.
Iypha sp,.

Sgpittaria lancifolia
Pontederia lanceclata
. odorata

Average
Iypha sp.
Tvpha sp.
P. lanceolata
P. lanceolata
Averapge

N. odorata
Bacops caroliniana
Average

Nitrogen

Phosphorus

Carbon

Copper

Lead

Zinec

{milligzrams per kilogram) {percent]) (microgram per kilogram)

24

15
18
26
18
24

L5
11
2t
11
14

11
14

1.1 41.7 2
.77 37.9 8
1.1 41.6 7
1.8 &0, 6 2
1.3 41,3 1
1.3 38.5 1
1.7 40, 7.8
.99 44,2 2
.96 36.5 9
1.5 40,0 1
1.6 38.8 3
1.3 39.8 3.7
.91 £1.7 1
6 36.1 7
77 39.1 7

g
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STMMARY AND CONCLUSIONS

Watcr to sustain the marshes of the conservation areas and Everglades
National Park is from direct rainfall and from canals which convey water [rom
Lake Okeechobee and from agricultural lands in the north. Water [lows south-
ward in the canals hy gravity or is pumped southward into the conservation
arcas. The three conservation areas are connected by spillway structures that
enable water to be transferred directly from Take Okeechobee through Conserva-
tion Arca 3 and thence to Dverplades National Park or, during drought, to Lhe
Miami area. In addltion, water can he backpumped from the cast inte Conserva-
tion Area 3A at pumping statlon 5-9.

Plans for further water management in southbeast Florida include reduction
ol storm runoflf rta the coastal areas by large increases in backpumping to the
conservatlon areas. Such backpumping would alter water levels and introducc
additional nutrients and pollutants into the Bverglades enviremment, The de-
gree of change in water chemistry in the conservation arcas would depend main-
ly on the quality and quantity of the water backpumped. With additional hack-
pumping, the conservation arcas would become wetter and this would teund to in-
credse aquatic plant communitics in relation to semi-aquatic communicies.
Such changes have already heen recorded in parts of Lhe conservatian areas
where water levels have been increased by impoundment. Land to the cast of the
conservation areas would become dricr with backpumping, and this would tend Lo
increase the development potential of this land.

Water pumped into the conservation areas is now largely confined to canals
and peripheral marshes of Area 1 and 3. In area 2, however, canal water ex-
tends into the interior marshes.

Water pumnped into the northern Everglades often has relatively high cuncen-
trations of inorganic nitrogen and phosphorus which are transported in the
capnals or move inte the peripheral marshes, Concentrations of nitrogen and
phosphorus decrease sharply within 100 metres or less of the canals, whareas
specifie conductance remains essentially unchanged within that distance. The
sharp decrease in inorganic mitrogen and phosphorus along the canal edge Indi-
cates net uptake in these shallow waters.

Concentrations of total phosphorus and inorganic nitrogen decreased an aver-
age of 3 percent and 4 percent per kilometre respectively downstream In canals in
the conservation areas. This decrease is due partly to dilutlon by =alnfall and
runoff, and partly to net uptake in the canals and peripheral marash.

Measurements of dissolved oxygen suggest that nutrienl uptake [rom canal
water by aguatic biota occurs mainly near Lhe edpge of the canal and in necarby
marshes. First, diel fluctuations of dissolved oxygen Iin the large canals in
January 1973 and 1974 and September 1973 were relatively small, indicating a low
biological metabolism with little uptake or release ol nutrients. Second, dis-
solved oxygen decreased with depth, often to near anaerobic levels near the
bottom of the canals. This suggests that the dominant mertaholic process was
respiration which would release malrlents to the water. Third, concentrations
of dissolved oxygen tended to increase near the canal bank and in the nearby
marshes., Low-flow or stagnant conditions, however, would probably allow



plankion to bloom resulting in increased photosynthesis and nutrient uptake,

Pumping water inte the conservatlon areas has several local elfects on
water chemistry in ¢anals near the pumping stations. First, it introduces new
wator, often of a Jdifferent quality, into the conservation area canals. At
pumping station §-9, for example, water backpumped into Conservarlon Area 3A
is usually rich in ammonia and virtually devoid of dissolved oxypen, dpparent-
ly because it is partly of ground-water origin, After backpumping, concentra-
tlons of disdolved oxygen are depressed and concentrations of ammonia are
clevated at least several kilomelres downstream [rum the pump. Second, pump-
ing breaks up stratification and mixes the different waters. At pumping
station 5-3A dissolved oxypgen becawe almost uniform with depth after pumping
began. Also, concentrations of ammonia increased sharply downstream witch pump-
ing, possibly because of a mixing effect that released ammonia from hottom sed-
Tments. The high concentrations of ammonia and low concenlrations of dlasolved
oxygen associated with pumping are, under present water-leval conditions, con-
fined primarily to canals in the conservation areas.

Backpumping from the east coast canals, which now occurs only at station
§-9, added 230 tonnes (253 tons) of nitrogen and 1.6 tonnes (2 tons) of phos-
rhorus to Conservation Area 3 from July 1972 through June 1973 (Waller, 1975),
Additional pumping slations will allow as much as 50 percent of total annual
canal runolff in southeast Florida to be backpumped. Annually this would acdd
from 900 to 5,600 tounes (990 to 6,160 tons) of nitrogen and [rom 9 to 56 Lon-
nes (10 to 62 tons) ol phosphorus to the conservation areas., For comparison,
rainfall and dry fallour contributed 5,200 tonnes (5,700 tonsz) of nitrogen and
207 tomnes (228 toms) of phosphorus Uo the conservation areas [rom July 1972
through June 1973 (Waller, 1975).

Mrect rainfall and dry falloul arc tho major contributors of nitrogen and
phosphorus to Lhe conservabion arcas, Practically all this falls on the marsh
envirvonment where it is subject to biological uptake. The marsh sediments are
a sink for these elements, Bottom sediments can alsa be a source of nitreognn
and phosphorus when anacrobic conditions exist at rche water-scdiment interface
or when resuspension of the boltom material oecurs.

With respect to organic carbon and nitrogen, phoaphorus is cnriched in
canal saediments compared with marsh sediments. Also there is some indication
that nitrogen and phosphorus amnd several trace metals are enriched in canal
sediments near pumplng stations that drain agriculrural land compared with
canal sedimenls remote from pumping stations.

The plant communilies of the Everglades are often disrupted in the vicini-
Ly of large canals. Saw prass marsh, sloughs, and wet prairices have been al-
tered or replaced by cattails or hy submeorgod, floating, and exotic plants.
The disruption of the oripinal plaat communities may rofllect altered water
Llevels, altercd water quality or a combination al the twa.

The plant communities nezr the large canals in the northern Lverplades aro
often exposcd Lo agricultural runofl snd to water of pror quality eompared with
the water quality in the inlerior marshes. Thirty=-Lonr samples of aquatic
plant species colleeted in these canals and Lhe interjor marshes were analyzaod
for nitrogen, phosphorus, carbon, copper, lead, a2nd zinc. Fxeept fur slightly
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hiphcr concentrations of phosphorus in plant tissue {rom two locations where
water quality is poor, ro dlffercnces in nutrient and metal concentratlons
were evident in agquatic plants collected either from remote, relatively undis-
curbed areas or from areas receiving agricultural runoff,
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BASIC DATA A

Nutrient Transects, September 10-17,

1973 and January 16-17, 1974,
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Transects from canals inte the marshesz of rhe Conservation
Areas on September 10-11, 1973, Locations of transects

ghown on Figure 3.

Transects B, C, D, E cross canals,

Specilic
mg/1
Distance in Conductance
metres from Temp Do micromhos/cm  PO% NF3 NQo NO3
canal (&) °“c mg/1 at 25°C as P as N as N ax N
Transect A
1) 28,5 3.4 1015 0,008 0,18 Q.000 0,00
100 28.0 1.5 1015 - - - -
800 27:5 lo]. 1025 - - - -
2,400 26.5 0.7 900 L0l0 22 .000 .00
Transect B (East to West)
Q 28.0 0.8 94.0 . 008 .18 000 .00
0 27.5 1.3 1175 010 42 012 =00
0 28,0 1.1 1015 - - - -
1,600 27.5 2.0 1130 - - - -
4,000 27.5 2.0 875 » 006 .19 000 .00
Transect C (South to Nortih)
3,200 27.0 3.5 910 005 .12 .000 .00
0 28.5 2.5 1020 004 .16 = D00 .00
0 29.0 bH.8 1010 - - - -
2,400 28.5 3.8 1020 - - - -
7,200 28.0 2.6 1015 - - - -
13,600 28.5 1.8 1255 . 003 .13 . 000 01
15, Q00 29,0 2.8 1020 - - - -
Iransect D (southwest to northeast)
- 30.0 2.4 1020 006 17 . 000 .00
0 23.0 1.5 1335 037 -43 - 000 21
0 28,0 1.6 1345 032 40 . 048 .15
400 28.0 0,9 1315 010 20 . 000 00
2,000 28.0 6.5 705 005 12 . 000 .00
3,600 28.0 5.7 660 010 212 . 000 .01
5,200 28,0 6.4 245 . 005 16 =000 .00
6,300 31.0 9.4 105 . 004 A1 . 000 .00
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Continued - Transects from canals into the marshes of the
fnonservation Areas on September 10-11, 1973, Locations of
transects shown on figure 3.

Tranzectz B, C, D, I cross canals.

Specific
Distance in Conductance
metres from Temp Do mlcromhos fm PO4 NH 3 NO2 HO3
canal {5) °C me/1 ac 25%C as P ap N &8 N as N

Transect E

- 28.0 .05 920 026 220 « 000 .00
0 28,5 2,2 885 036 .30 L0200 .01
0 29.0 4.4 920 « 005 .13 » 000 .03
100 30.0 7.6 830 L0 .13 .000 00
500 28.3 1,2 540 =007 07 . 000 .00
1200 29,0 6.1 180 .008 .16 .000 .Q0
2900 30.0 6.1 110 - 06 .15 Q00 .00

Transect F (West to east)

0 28.5 1.7 1080 036 .62 100 LAl
- 100 26 .5 1.0 350 L0L2 .21 . 000 00
500 26,0 3.2 445 -0l5 21 . 000 .00
1700 27.0 6.4 130 012 23 .000 .00
Transect G
0] 26.0 1.6 1040 050 .92 048 ol
100 28.0 1.0 400 LOL2 032 - 000 .00
500 29.0 7.0 200 025 A3 . 000 =00
2100 3o.0 E&.1 115 025 .38 . 000 .00
Iransect H
0 28,0 0.9 820 042 40 000 .00
100 28.0 1.4 780 023 20 =000 .00
500 28.5 7.0 370 . 006 15 =000 =00
1300 28,0 7.2 270 . 009 o17 L0200 -0
2100 29.0 7.1 180 . 007 .19 .000 0D
2903 29,5 6.8 150 012 w2 . 005 =00



Continued - Tramsects from canals into the marshes of the
conservation areas on September 10-11, 1973. Locations of
transects shown on figure 3.

Transects B, C, I, E cross canals.

Specific /1
Distance in Conductance L
metres from Temp Do micromhos fem POY4 NH3 NO=o NO3
canal £3) “c mg/ 1 at 25°C as P asa N as N _as N
Area 1 near center
north center 31,0 3,7 110 015 =35 . 000 « 06
south center 31.0 5.8 110 005 .13 000 .00
Tranzsect T
0 28.5 - 810 .002 .18 . 000 .13
200 29.0 - 653 » 003 Q7 000 .00
500 29.0 - 440 Q04 « L4 020 .00
1000 28,0 4.0 252 002 A1 . 000 L 00
16000 23.0 - 199 L0003 .11 = Q00 00
Transect .J
0 28,0 - 696 . Q06 .17 2 000 16
200 29.0Q - H&2 003 .08 0L4 .00
500 29.0 - 377 007 .08 000 .00
1000 28.5 - 289 003 213 . 000 0L
4800 28.0 - 199 L0003 11 + 000 .00
Transecl K
0 30,0 - 407 - 00K 14 2 Q00 Q0
200 29.0 - 295 L 000 .10 =000 .00
L200 29.0 - 223 005 .08 L 000 . 00
1600 29.5 - 198 . 001, .04 . 000 LOL
8000 30.0 - 200 . 005 .12 . 000 0L
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-Transects from canals into the marshes of Conservation Area 1
on 16-17 January 1974. Distance from canal Is in neters
(approximate). Transect locatbions are shown on Fifure 3,

Specific mg /1
Distance D.0. Conductance PQ, NH3 N0, NO4
in meters Time Temp °C mg/l micromhos/ecm as P as N as N as N

Transect L
0 1300 21.5 2.1 1180 0.14 -0.73 0.09 0.51
10 1303 22.0 6.4 1300 0.09 0.51 0.15 0.51
20 1306 22.0 2.0 1300 0.09 0.56 0.15 0.46
100 1309 22.1 4.2 300 .01 0.11 0.00 0.00
500 1312 231.5 6.8 210 0.01 0.18 0.00 0.00
2000 1315 25.0 6.9 100

Transect M
0 1320 21.0 2.2 1240 0.14 0.65 Q.07 0.51
10 1325 22.9 2.3 1310 0.12 0.57 0.11 -0.52
20 1328 24.0 4.5 1390 Q.04 0.37 0.15 0.37
100 1330 23,2 4.1 1480 0.01 0.35 0.08 0.07
400 1335 22.2 7.5 280 0.0L 0.11 0.00 0.G60
1500 1337 24.5 7.1 140 0.0r 0.19 0.00 0.00

Transect N
o 1410 24.0 4.4 490 0.02 @0.21 0.00 0.1l4
10 1412 24.0 4,7 570 0.02 0,17 0.00 0.03
20 1414 23.0 4.1 580 0.02 0.20 0.00 0.04
100 1416 240 3.0 i55 0.00 0.09 0.060 0,00
400 1418 24.0 6.7 180 0.00 0.11 0.00 0.00
1000 1420 24.5 7.3 105 0.00 ¢.12 0.00 0.00

Tranzect O _
0 1010 21.0 3.9 420 0.01 0.14 0,00 Q.01
16 1012 21.0 3.6 440 D.02 0.36 0.00 0,00
20 1014 21.0 3.3 420 0.01 ©0.18 0.00 0.00
100 1014 21.0 3.6 150 0.00 .13 0.00 0.00
500 1018 20,5 4.3 110 0.00 0.11 0.00 0,00
2500 1020 20.5 3.4 52 0.01 .18 Q.00 0.00

Transect P
0 1045 21.5 2.2 1280 0.03 0.44 0.06 Q.24
10 1048 21.5 2.8 1250 0.02 0.29 ©.03 0.28
20 1050 21.5 3.5 1280 0.01 0.20 0.03 0.25
100 1052 22.0 4.8 13140 0.00 0.28 0.04 0.16
500 1054 20.0 3.1 11c0 0.00 0,13 .00 0.0Q0
1500 1056 20.5 4.5 930 0.00 0.12 0.00 0.00
3000 1058 20.5 4.6 500 0.00 0.08 0.00 Q.00
4500 1100 21.5 3.0 200 ¢g.00 Q.12 0.00 0.00



pistance
in merers

20
100
500
1206
2500
4500

Naorth
Souch

Time

1120
1122
1124
1126
1178
1130
1135

1345
1430

Temp

22.0
22.0
20.5
21.0Q
20.5
22.0

23.6

23,2
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Specific mg/1

D.0. Conductance PDA NH 3 NOZ No3
°C mg/l microhome as P as ¥ as N as N

Transect 0

~ - 0.01 0.16 0.00 0,03

5.2 720 0.01 0.11 0.00 0.¢2

5.8 500 0.00 0.12 0.00 0.00

5.3 620 0.01 0.13 0.00 0,00

5.8 500 0.00 0.10 0.00 0.00

6.3 430 0,00 0.08 0.00 0.00

745 240 0.00 0.10 0.00 0.ca
Center of Conservation Area 1

8.5 110 Q.01 0.17 0.00 0.00

B.5 95 0.00 0.16 0.00 0.00



a

Transects from canals into the marshes of Conservation Areas 2 and 3
on 16-17 January 1574, Distance from canal 1s in meters (appr&xigﬁte)_
Transect locations shown on Figure 3.
Specific mg/l
Temp D.0O. Cond. POy, NHq NO» NO4y
pistance Time °C mg/l micromho as P as N as N as N

Transect R

0 1230 22.2 2.8 200 0.00 Q.44 0.00 0.06

10 (1) 1235 21.5 2.0 780 0.00 0.13 0.00 0.00

20 1240 21.0 1.0 780 0.00 0.12 0.00 0.00

200 124G 20.0 1.5 750

4000 1246 220 3.0 750 0.00 0.13 0.00 0.00
Transect 5§

0 1345 22.0 1.7 12006 0.04 0.35 0.00 0.12

10 1350 22,0 2.9 1100 0.00 0.16 0.00 0.00

100 1352 1%.5 1.7 600 0.00 0.12 0.00 0.00

2500 1355 21.5 3.4 820 0-00 0.13 0.00 0.00
Transect T

o (N 1355 23.0 1.6 1050 0.00 0.64 0.00 0.01

20 1357 22.5 2.4 1100 0.0 0.32 0.00 0.02
Transect 1] iArea 3A to 2R)

2500 1405 20.0 2.6 860 0.0l 0.1s 0.00 G.00

0 (west) 1410 22.0 4.4 1000 0.01 0.18 0.00 0.04

0 (east) 1418 24.0 6.9 910 0.00 0.20 0.00 0.24

200 1420 24.5 2.6 8980 0.00 0.14 0.00 0.00

center ,

of 2B 1425 26.0 5.1 890 0.00 0.10 0.00 Q.00

Center of Area 2A
(2-17)

1310 21.5 4.4 1080 - - - -

(1) The second sample site, Tramsect R, in the marsh west of levee.
There was no canal west of levee, Canal on the east.

(2) Transect run due west into Comsarvation Area 3 from S5-11C.
Water was Flowing west through 5-11C., Tramsect stopped because cf
dry condiciaonz.
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Transect from £-39 southwest along airboat trail inte the marshes
of area 2, 16~l7 January 1974, Distance from 5-39 in meters

(approximate)
mg/l as N
Time Distance Temp D.O. Specific PO, NH4y NO, Jalvkt
EDST in meters °C mg/l C(onductance as as N as N as N
Transect v

January 16, 1974

1315 10 24.5 1380 .p3 .38 .04 .08
1520 100 24 1340 .01 .25 .02 .06
1530 240 24 1150 .01 .18 .00 01
1535 300 24 1165 .01 .22 .00 .00
1545 1600 24 1360 .01 .13 .00 .00
1600 5000 24 1120 .00 .16 00 .00
1610 8000 24 - - - - -
January 17, 1974

0935 10 21.5 1.6 1325 .03 .5E 04 .06
0950 8000 20 1.9 1080 .00 .12 .00 .00
0955 10400 20.5 2.8 1025 .00 .12 .00 .00
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BASIC DATA B

Concentrations of nutrients near
5-5A on 16-17 January 1973,
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Concentrations of nutricnts near 5-5A on 16-17 January 1973,
Acid hydro- |

Specific conductance in micromhos at 25"C.
lizable P and PO4-P, NO3-N, NOz-N, NH3-N, inorganic N
and dissolved oxygen (DO) in mg/l,

No pumping,

Specific Total Temp Poroont
Time Gond. I—’Dq-n N113 NO?_ NGOy inorg,N c? Inle} saturation
Site | (West Palm Beach Canal)
D810 1280  ,078 .44 .D63 .43 .96 15 4,9 48
1220 1345  ,072 .47 L 070 .45 .99 17 6.3 fbad
1600 1420 070 .46 , D60 .47 .99 17 5.5 56
2200 1300 084 46 L D60 .47 . 99 16 5,2 52
aons 1260 ,0D70  ,45 . 058 .47 .98 16 5.4 54
0405 1240, 070 .43 L070 .48 .98 16 5.5 55
0745 1220, 084 .42 . 059 .48 . 96 16 5.5 55
Avg 1295 076 .45 . 064 .46 .08 16 5,5 55
Site 2 (Below 5-5A)
1050 1330, 042,37 L0077 L 3T .82 15 6.9 a7
1330 1300, 042,35 LDRE .38 . B2 15 6.4 66
1705 1170 .042 |31 L 094 .41 .81 16,5 6.5 65
2040 1200 042 .31 L 094 LAl L8 15,5 6.6 65
01aon 1200 045 30 . 090 ) CB1 16 0.4 64
0440 1160 042  ,30 L.092 .43 B2 15.5 6.1 H0
0500 1260 ,040 |, 2§ OEE .39 .76 15.5 7.0 i)
Avg L230 042 .32 LB .40 .41 16 .6 65
Site 3
1115 1310 042 L34 L0060 .35 TR 11,5 6.7 64
1340 L3200 0886 .34 L6 36 L T5 15 -- --
2020 1200 056 .33 , 06G8 .38 . TH LG (.3 (3
0314 1230 ,084 ,32 L0068 36 s 16 .1 6l
0530 1220, 042,32 .66 .37 e X 5.4 RO
0805 L1BG 042 .33 .55 . 36 .78 15,5 b, 4 a3
Avg. 1240, 049,33 064 36 .76 | & 6.3 62
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Specific Total Temp Purcent

Time  Cond, PO, NHy NO, NOg inerg. N _CY DO saturation
Site 4
1040 1270 .042 .31 L0860 .39 L TY 14 6.9 66
1320 1370 .04z 27 L0838 45 .81 15 7.2 70
2125 1200 042 .27 L 186 43 .79 15.5 6.7 65
0050 1190 . 042 .28 , D84 .45 .82 16 b, 6 66
0450 1160 . Q42 , 28 . 080 .45 .81 5.5 6,3 63
0850 1230 ,022 .20 L0785 L 44 .78 15.5 6.8 67
Avg, 1230 042 28 , 084 L4 . B0 16 6.7 06
Site A
0945 - , 028 .24 , D66 .60 .91 14 6,8 h5
1250 1125 .Q50 . 2F . QGG L3 . Y5 15 7.9 78
1645 180 028 .23 L0648 .63 k! 6,5 A 72
2105 1140 028 .22 . (168 .62 .91 L6 7.5 75
ongs 1160 039 .23 L D6H .64 R 15, B 7.3 72
0505 120 .02z ,22 L N70 .63 .92 5.5 i, 8 a7
0830 130 o279 L,20 L DAD .59 , B85 15,5 7.5 73
Avg. 1140 031 .23 L0607 Y .92 I 7.3 72
Site G
1000 - L0800 LB7 , 0R5& .28 .91 12.5 3.6 33
1300 1210 042 L83 , 053 L3 L BO 15,5 7.7 76
1635 1350 QD0 48 . 055 22 .76 L& 5.2 %6
0035 1150 028 .30 L O8O =T .92 16 b7 74
0510 1140 ,042 .50 LU8E .39 .98 15.5 3.3 33
D840 1230 .04z .42 , 000 47 . 39 15. 5 6. & 77
Avg 1200 .034 .47 (D06 .37 . 89 16 b, 2 06

/3



Y.

Concentratiovs of nutrients in Hillshoro Canal
Upsiream of $-:10C Spillway in “atetr Conservation Area :

Percent g/l
Time Depth Toemp Specific saburg- PGy NH3 NG, NGg
EDST metres Co Cond. tion DO Lo as P as I as N as I
January 16, 1974
Surface 22,0 EHE RO 5.2 L a3 12 | , 2
1 22,10 795 36 5.0 . 2] .12 L O .02
L35 2 2Z2.0 B0 5 5.2 . G2 JET . oG LO2
3 22,14 B 45 4.0 .01 .12 .00 , 02
Surface 24,1 E20 HE 5.8 L1 .12 LO0 02
L 22.3 56 4.9
1430 2 22.0 52 4,4
3 22,0 H45 g1 4.5 01 11 Il 02
Surface 23.5 £92 &7 A. 7 L0l .1é iy .03
1 23, G £1 5.3
1515 2. 2z2.0 T30k 48 4,2
3 22,0 48 4,2 ] .13 . DG .04
Surface 22,5 845 60 5.3 .01 L11 Lon .03
1 22.5 60 53,3 )
2315 2 22.0 60 54 4.4 .01 211 L a0 L 03
Famaary 17, 1974
Surlace 22,10 EHIE 54 4,8 L1 14 . 00 03
1 22.10 53 4.7
a7ES 2 22,0 240 46 4.1 MR i . 00 L3



QL

Concentrationhs of matrients i the IMillsbore Canal

Tpsiream of 5-100 Spillway in Water Conservation Area |

Percent mg/l
Time Depth Temp Specific satura- POy MNH~x NOz N3
nasT metres ce Card. tion DO Do as P as M as I as M
January 1o, "574
Surfacc 22.5 1070 a2 A4 .01 .12 L0 . Cd
1 2.0 1080 e 4. 2 .01 .13 .00 L
140 2 22.19 1 G50 41 3.8 .al L3 . DG .06
Surface 23,0 Ti0n a7 3.9 , 0L L12 , OG .04
1 22,0 49 4.3
15348 2 22.10 1140 47 4,2 .01 .13 iy , 06
Surlace 23.0 LiaL Fi=] 6.5 .01 13 . 0o L a6
] 22,0 40 3,5
1950 2 22.10 LT 37 3.3 D1 .26 .01 . 11
Surlace 22,14 1120 53 4,7 .3l .19 .0 .11
1 22,0 37 3,3
2340 2 22,0 1260 3k 3,2 L0 .36 L 03 L 17
January 17, [974
Surface 2.3 P340 28 2.5 .3 .45 , 04 2T
1 21.5 25 2.3
GRI1G Z 21.5 1340 5 2.3 .01 . 38 .05 23



BASIC TDATA C

Diel study at 3 sampling sites In
the Hillshoro Canal, at one canal
localion just south of 5-10C and
in the ncarby marshes of Conscr-
vation Area 2A on January 16-17,
1974,
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iy

Caoncentrations ol autrients i Hilisboro Canal
Upsiream of 3-10A Spillway in Water Conservation Arca 1

Szecific

Cans. Percent mg/l

Tirae Depth Temp ﬁ'_]‘._CfO'[':thS.'lICUZ Sat'ﬂ.ra.— PD4 NH3 NOZ NO?,.
LDST metres @ at 25'C tign: DO Do as P as ™ as N as W
January 12, _§974

Surface 220 a2 5.5 0 .15 . 09 .1

i 2i.5 G4 5.8 .01 .13 L i . 2
0=30 2 21.5 5T S Ll . 14 L L 02

3 21.5 22 2,4 L0 12 L0 L 02

Surface z2.C GEIE LY B. & oo L1 , Dl L 02

i 22.0 SR 48 4,3 LD il . 04 L2
1210 2 Z2..5 A0 47 4,2 L, 01 L1 L an I

Surface 24, = 571 T a0 01 . 10 . 00 Y
Te08 H 22.8 Ti L

2 22,0 G0 a2 4. & K .12 S L3

surlace 22.5 633 &0 E.3
R I 22.5 BT 5.0

& 22,0 35 ER 4,9 RIS 12 . LD L2,

surface 22,0 873 57 F.R QL Lol LDl L2
2335 H 2&-10 50 2.3

2 2z.4 cou (5N 3.3 L . 14 Lan W2
January 7, 1974

Surface 22,0 542 HiR e, 1 L1 .13 Lo L2
TE35 i 22,0 57 3.0

2 22, (o8 57 a0 L, 0t L3 , il L 02



Cencentrations of nutrients in a canal and nearby

marshes of Area 2 just south of L-3% near S-10C

on January 16-17, 1974

Liocation Dist. Percent
aPProx. scuth of Specific satura- By NOg jyel NH,
[in metres) canal Time Temp Cond. tion DO Do as F as o as I as M

Canal 14 Jan 1003 22 1,430 1% 1.7 LO2 a7 L 03 21
1460 26 1,440 43 1.7 .01 L1 03 L
1705 24 1, 250 47 4.9 L0l W11 .04 .30
2000 23.5 |, 450 44 3.8 L0l .11 .03 Y

2255 23 1, 380 35 3.t
17 Jan J&16 22,2 1,418 9 L. 4 A2 .10 .d5 .H2
08040 22,0 1,404 140 1.5 .41 L10 .04 .94
15 m in 14 Jan 1010 21.5 2,250 12 L.l .01 L Qo , 04 .24
Harsh 1405 25,2 2,290 48 4.4 .01 L 00 L 0D Y
- 1710 Zh 2,380 65 5.4 . Ol L OG . 00 « 32
= 2005 24 2,340 44 3,8 i . 0o . 0 L 37
2300 23 2, 240 19 I.7 .01 L .40 .57
17 Jan 0620 21.8 2,330 a C,2 .41 Ao il .60
UR10 21,0 2,300 3 0.4 .02 L0 L Q0 L T0

30m in 14 Jan 1015 20 1, 300 & 0.6 - - - -

Marsh 1410 22 1,470 20 1.9 Sl . 00 ) .66
2010 21 1,420 12 1.1 .C8 . 00 .00 .52
2305 20,3 1, 380 4 0,4 .08 .00 L0 .45
17 Jan J625 = | 1,400 4 d, 4 .08 L0 =40 .49
035 . B 1,420 4 0, 4 .11 4o A0 .62
8O0 m 16 Jan 1050 20 G700 30 2.7 .01 .00 O .14
1720 23 1,220 55 4.1 .01 a0 L 00 1B
2020 20 1, 250 e .9 .01 00 .00 . 210
2310 19 1, 140 7 a. 7 , 02 .00 . 00 .18

17 Jan d630 18,5 1, 180 3 0,3

J8zo 18,2 1, 780 3 0.3



.Concentrations of nuirients in a canal and nearby
rarshes of Area 2 just scuth of Li-3% near S-10C
on Jarmuary 16-17, 1674

Location Dist, Percent

4APProx. south of Specific satura- POa ek NO2 NH4

[in metres)] canal Tirme Temp Cond. tion DO oo as P as M as In as

LCOD m L1105 22 1,300 38 3.4 L0 ., 0 ] .24
2025 18,8 1,220 G a, 4 E ., 0 E .21
0E40 L8.4 L, 140G 4 0,4 L 00 L 00 20



BASIC DATA D

Dicl study at 11 sampling sites

near pumping station 5-9 on
January 16-18, 1973, All measure-
ments at approximately 0. 3 metres
Backpumping began about 9:30 A, M.
on January 17 and ended just after
4:00 P.M. on the same day. Dis-
solved oxygen (DQ), PO4-P, NH3-N,
NO2-N, NO3-N in mg/l. Specific
conductance (K) in micromhas/cem
at 259C,

BO



18

Sampling Site } near 5-9

Temp Percent mg/1

Time c® Specific saturation DG POy~ NH;- NO; - NO3-
Cond, DO P N N

January 16, 1973
0930 2.0 . 031 0.54 018 . 04
1200 27.0 590 26 2.1
1500 23.0 13 1.7 . 035 0.56 L 025 .02
1820 23.0 TO5 4 0,4 . ooo 0.53 .025 . 00
2200 z2z.0 Fod 4 G, 4 . 00o .57 - U20 .00
January 17, 1973
0210 22,0 695 3 G.3 . 000 {, 55 L0113 . a
Q620 20,0 710 & 0.6 . 000 o, BA 013 REHE
0925 22.0 18 1,4 BRI 0, 58 006 .00
0955 22,0 18 1.7 - oD 0.58 . Qo0 . 0o
1055 21.0 LT 1.6 . 000 0.49 . 0G0 .00
1150 21.0 Tha0 17 1.7 . 000 0. 47 L, QG 01
1330 20,5 V0 13 1.3 . qao .47 . 005 N2
L1440 21.0 13 1,3 . 00o 0, 46 , 000 .05
1600 21.0 1% 1.8 , GO0 0. 48 . 302 05
13805 21.5 B10 1 o.1 L 000 0,45 ooo , 00
2225 22.0 BOO 5 d. 5 i 0,53 . D06 01
January 18, 1973
0225 21.5 750 5 G.5 . 0no 0.53 016 ILE
0&a30 22,0 Tio 5 0.5 .ooo 0. 54 LGi2 . an
1015 21,0 760 15 1.4 . 100 0,47 . 005 . 00



A

Sampling Site 2 near S-9

Teznp Percent mg /1

Time C SPSE:?:E saturation Do POg- NHg- NO; - NO3-
- Do P vy M N

January 16, 1973
belR 22,0 £330 24 3.1 . D4h 0,35 LJ15 . a4
135140 19,7 77D &1 5.7 L J30 0,31 .0i0 .19
1720 2.0 280 4 8 4,6 . 329 1,15 . BOG .
2173 15,0 B30 3o FARRS .00 0,28 . 012 .15
Janva=v 17, 1973
o1s0o 17,5 745 34 3.3 LM a.249 L J12 .15
0227 iT, 1] TH3 38 3.8 . 000 0,28 . J23a . 1A
L7220 17,5 TEE 35 i 4 i, 0o,27 LA11 s
a5 17,5 &0 .2
10065 a1, 0 [ P8 RV 0,42 . 334 .03
1045 21.0 TT5 21 1.9 L3I0 0.46 . 1G4 . oo
1205 21,4 T35 27 1.2 L JAD0 0.4 L 005 . oo
1315 21.5 TED 14 1.3 - 00 0,44 LOI0 ’ . O
1455 21,0 4 0.4 . ooo 0,45 , 0040 .05
1610 21,3 24 2,2 L 200 0,45 L2043 .05
1720 210 T3k 2 J.s MIVH .42 L 002 O
2140 7 20,0 535 16 1.5 .00o a,41 L b02 .05
Janua=y 1§, 1973
143 20,0 4D 11 1.0 009 &, 34 . 003 L
a52%5 20,17 T35 11 1.7 -ono 0,40 LJd2 .04
093 22,0 T45 9 2.9 L 000 0,50 , 12 .00



Sampling Site 3 near S-%

3]

Temp Percent mg/fl
Time c® Specific saturation DO POy- DNHz- NG, -
Cond. DO P N N

Janvpary 16, 1873

0935 17.0 &80 93 o1 L 000 02 . oog . 0a
13240 17,0 THO 93 9.7 . 0ag .03 . 000 . oo
1730 17.0 780 105 10,3 , Qoo .0l . 0oon . aon
2126 16.0 710 103 10,2 . 000 . 02 . 0OGo . ao
January 17, 1973

o128 15,5 TE0 101 10,2 TN LY . 0040 , 80
0525 15,0 T30 T8 8,0 . Qoo .02 . OGo , 30
0925 16,0 T30 B7 BT . Gao .02 . 0od , 00
1320 1G,0 T45 103 9.7 . 000 L0l . D00 . 00
17340 19,5 640 117 10,8 . 0og .02 . 006G . 0G
2145 18,5 520 108 Io,2 L .02 . Qoo .00
January 18, 1973

0145 17.5 725 B g.4 . 000 .02 . 000 . oad
0335 17,5 T25 BT Bt 000 .01 . 00d . 00
U335 15,0 765 T 6,7 . 0ag .02 . 0a0 . aa



78

Sampling Site 4 near 5-9

- Teg’tp Specific Percen‘.c meg/l
Time C Cond, saturation DO PO, - NHz- NG; - NO4 -
Dy F N N )

January 16, 1573

1140 18_5 TOS BT 5.2 000 05 L Qoo R
l445 5.0 BGO &8 7.0 L a0 . Oh . 00g , 00
i8lhs 14.0 TAHOD 28 3,0 . O . O L aon , 0o
21=0 15.0C TZH 20 Z.1 L 000 11 . 000 , 00
January 17, 1973

g200 15,0 TG 5 1.6 L Uun _UB , Qg0 , a0
LN I5.0 T40 2& 2.7 . Do L2 . Gan . 00
0955 15,5 800 18 1.5 Relall, L1 . ¢oo DG
1400 17,5 TTO 14 1.8 R ALY L 16 LY . D2
17E55 17,5 T35 25 2.5 L .15 L Q02 . D2
2215 16,5 505 15 1.5 000 .16 . 000 .09
January 18, 1973

0215 16,5 690 16 1,8 L 000 . L5 , Qoo .09
DE135 16,40 740 10 1.4 . 0ao 1T , 000 L 0d
1043 17,0 7E5 16 1.6 . 000 L6 , 000 L0z



Sampling Site 5 near 5-9

Temp Specific Percent mg/l
Time c’ Cond. saturation DO POy - NH;3- NO - NO3-
: Do P N N N

January 16, 1973

0945 18,5 370 T3 .8 L OG0 0,70 » DU I
1335 16,0 960 T3 7.3 S [,o10 L OG2 L2
1735 17,0 930 63 A, 1 029 2,12 LRG0 .11
2125 17,0 870 &0 5.9 . ooo n.12 L D02 -1l
Jarmwary 17, 1973

0132 18,5 855 67 b, & I 0,10 . 000 . 100
0530 14,5 BE5 L] 6, 4 R LLE 0,09 LN 10
09246 16.5 585 a7 5. 6 . DGO 0.10 , QoG . 09
1325 21.0 g1o 31 2.9 o O 0,42 003 , 02
1730 21.0 795 17 1. 6 MEEEE .41 . 003 01
2150 19.5 B33 16 1.5 L DG 0,37 . 0as .02
January 18, 1973

0148 19.5% 70 19 1.8 . DO . 35 . 005 .02
0535 18,5 200 12 1.9 LG 0,27 . 006 .23
G934 18.0 820 40 3.9 L D00 0,22 .gon .05



98

Sampling Site 6 near S-9

Temp Specific Percent mefl
Time c® Cond, saturation DG POy - NH;- NG, - NOC3 -
Do P I\ N N

Jamuary 16, 1973

Q%55 19,0 329 B8 8.3 L QG0 o.11 . 000G ir, 11
1340 16,0 940 B4 4.4 =000 0.2 . 050 0. G0
1750 I7.0 140 &3 f.2 000 0o.11 . OG0 . 0a
2127 17.0 870 60 5.9 000 g, 11 . 0an .09
Januwary 17, 1973

0135 15,5 3855 &5 &, 4 0G0 0,11 004 .08
535 l6. 0 870 &5 6.5 L Do G.11 L2040 a7
928 16.5 B75 64 b.75 il G, 11 . 000 .08
1530 1%.5 590 fa 6. 65 L0006 a,10 L ooon 10
L7358 14,5 240 47 4,3 - aoo 0. 26 - 0G0 07
2152 16,0 360 63 6,3 - doo o.0% R HILE O
January 18, 1973

0150 16,0 765 &7 6.7 . 204 d,.:id . oéo .05
0540 14,0 885 60 6.0 . 000 a, 09 . D00 .06
0230 16,5 395 td 6.3 . 0oo 0,10 L Q00 .05



Sampling Site 7 near S-9

L8

Temp Specific Percent mg/l
Time c’ Cond. saturation DO POy, - NH; - NO,- NO3-
DO P "N N N

Januvary 16, 1973

1050 22.5 642 29 2.6 . 025 0. 37 L 012 .20
1435 19.0 730 50 4.7 , Q00 0, 34 L012 L17
1610 16.0 830 36 3.6 . 000 0. 30 070 .09
2145 18.0 815 40 3.8 . 000 0,24 . 006 .14
Janzary 17, 1973

0156 17,0 815 45 4.4 . GOG a,10 . 006 .13
0600 16.0 865 28 2,8 . 000 0.17 003 .13
0952 17.0 885 55 5. 8 . 000 0.16 . 005 .13
1357 21.0 750 18 1.7 . 000 0. 45 . D05 .02
1750 20,5 735 24 2.3 . D00 0,42 . D04 L 04
2213 20, ¢ 810 11 1.4 , 00O .41 . 000 .03
January 18, 1973

0214 18.5 740 14 1.4 . 000 0,42 . 002 . 05
6610 20,0 765 8 0.8 . 000 0,51 . D04 .03
1000 19.0 810 33 3.2 . 000 0,27 . 000 . 04



88

Sampling Site § near 5-9

Temp Specific Percent megfl
Time c” Cond. saturation DO POy4- NH; - NO5 - NO3-
' DO B i) N M

Janvary 16, 1973

idi0 17,0 70 38 3.8 -0 04 - oon . 04
[400 16.5 T35 7e Tl - 0an .03 . oo L OO0
1745 17.0 810 54 5.3 - 0ono .03 . DGO .04
4130 16,0 TH5 44 4.4 L 000 o4 . 080 04
January 17, 1973

0140 15,5 T82 30 3.0 . QG0 06 . 004 .03
0540 15,0 a00 24 2.5 - oo L . 000 .04
0933 17.0 BOB 28 2.8 . 000 .05 . 000 . 0B
1335 18,5 B3k 48 4.6 L OG0 . 05 . 002 L
1740 I8, 0 815 46 4,4 LY . D IHL .04
2157 17.0 580 T 3.7 - 000 .04 L 000 .05
January 18, 1973

0155 17,5 FOo 43 4.2 . g UL . 000 .06
0545 16,0 Bi3 15 .9 .00a .05 . 0oo 05
0945 17.5 B30 36 3.5 . 000 .05 000 L 07



68

Sampling Site ? near S5-9

Temp Specific Perceni mg/l
Time o Cond . saturation DO POy- NHs- NO, - NO3-
Do P2 I N

Jarmary 16, 1973

1920 25,0 T55 55 6.0 . QGL 23 =010 W17
1410 17.5 855 68 6.7 . 000 .19 . 006 .14
1750 17.5 260 49 4.7 . 300 L2l L 203 12
2135 17.5 850 43 4.6 . 200 .19 . 005 .11
January 17, 1973

0144 L7.0 Be0 a0 3.9 . aad .14 L0003 .11
0545 16,5 BRO 3! 3.1 L a0 .14 L 002 11
040 17.0 890 53 5.2 L DO .13 . 0on .10
1340 20,5 5a0a 53 3.4 VI . 36 . 004 . . 05
1740 20,5 T50 37 3.1 ., aog . 35 S . O
22040 1e. 0 BEE 33 3.8 . Joog .30 EHELE L
Jaruary 18, 1973

Nz2aa Lo, o TEE 50 4.7 iy . 32 , 00 .06
N%54 18,5 Ti0 30 3.0 - -- - -
Q350 8.0 g4 39 3.8 . 0G0 26 . 000 .05



05

Sampling Site LD near 5-9

Temp Specific Percent mg/l
Time c® Cond. saturation DO POy4- NH;y- NO5 - NO3-
DO P N N N

January 16, 1973

1030 20,0 798 63 5.8 L 0,14 . 000 15

1415 16,5 G1a 68 b8

1500 17,5 280 53 5.1 000 4,16 L Q02 14

2137 L7, 0 865 54 5,3 OO0 a, 15 004 12

Jenuary 17, 1973

t46b 17.0 855 (¥ 6.2 L 000 Q.14 L 003 12
550 16.5 B70 62 6.1 L 000 a.13 L 002 -1
943 17,0 890 a5 f.4 L 000 a.12 . 300 .10
1345 17.5 75 64 B.2 . 000 0.14 ) 11

1745 20,0 T80 42 3.9 . 00a 0,33 L Q08 L D3
203 14,0 2460 39 .7 , 000 L. 24 L G0z L35

January 18, 1573

205 18.5 805 31 4.7 e 0,22 M LEE .05

ceon 17,5 Ta0 45 4,4 . 0ao 0,21 3OO .07

0954 18,0 850 E3 5.1 . Qan 0,17 . Qa0 L6



LG

Sampling Site 11 near S-9

Temp Specific Percent mg/fl
Time c® Cond. saturation ~ DO POy- NH3- NO- NO3-
DO B N N N
5

January 1o, 1973

1040 24,0 T8O 63 5.8 L O0G i RIS 14
1425 17.0 BBE 68 .7 L 200 17 RLELTE .15
1605 17.0 g0 51 5.0 LELELY 15 AL L 14
21410 L7, 0 865 49 4.8 BRELELY .16 L . 15
Janmary 17, 1973

0130 17.0 855 58 5.7 . Qoo . 1B .3 . L2
0553 16,5 265 32 3.2 , 200 .14 ALY .11
0944 17.5 B85 65 6.4 . 00 12 . 005 .11
1354 17.5 870 54 5.3 000 12 . 003 10
1745 18.5 850 a1 5,8 PR ELEI L 20 . 002 . 08
2207 19. 0 370 31 3.0 . 0Go . 34 L 000 LIS
January L8, 1973

0205 L&. 0 790 23 2.3 , 000 .24 02 . 05
0605 17,5 B25 47 4.6 . 000 .l . 000 i
0955 18. 0 550 47 4.5 EIHY 16 . D0o LO7



BAGIC DATA 1

Diel study at 7 sampling sites near
S5-5A and at 2 sampling points on I.-28
an Scptember 10-12, 1973, Pumping
into Arca 1 occurrcd from about 1:00
P.M. to 3:00 P. M. oo September 10
and from 4:00 P. M. to &:00 P. M. on
September 11, Specific conductance
(K} in micromhos/cm at 25°C. Dis-
solved oxygen (DO) in mg/l.

92



£6

Sampling 5ite ., Above Pump Statien 5 5-A

Percent mg/l

Time Depth Temp Specific gatura- POy MNHs NO2 NCO3
EDST mektres c® Cond. tion DO DO as P as N as N as N
Septernker 10, 1973

0.3 29,5 S40 32 2.5 o,013 4.32 a,010 J,28
1OCa 1.2 29,0 28 2.2

1.3 29,0 1400 2 o, 2 e L4 . 090 .33

0.3 29.S 351 59 3.0 L0013 .30 LO20 .28
1230 .2 23,0 28 2.2

~. 8 28,0 6310 3 i, 3 L0222 .39 L 020 .30

a,3 30.5 450 &7 5.1 L0132 .13 010 24
1400 1.2 30,0 52 4,0

.3 29.5 Q40 42 3.3 Q20 . 80 . 055 2B

1.3 20,0 53 4,2 L0310 LT . 000 25
1530 I 29,5 52 £, 0

A 29,1 11 9 23 1.1 L0535 .30

-3 29,10 i £a 4,4 LOT8 22 010 - 24
2200 1o 29,0 43 39

1.2 29.4 244 10 1.4 .030 . B2 .47 .28
September 11, 1973

. 28.4 48 57 4,3 014 .23 -0L1 .24
CEO 1. 28,40 51 4.0

1.8 20,0 500 3 2.5 Q15 .22 L0110 . 2d



%76

. . e -

Samnling Site 1, Abewve Purnp Station 5 5-A (continues

. Percent mg/l
EBT;EIE‘ Depth Tcrélp Specific s-af:ura- POy NH3z NO> NO3
metreg C Cond, tion DO Do as P as N as M as I
Septersher [, 1973 [continued}
.3 28,5 481 41 3.2 LG5 .20 . 005 . 24
iI15G 1.2 28,3 ©av 2.9
i. 8 28.3 480 32 2.4 L DGe .15 L 003 « 25
.3 i, 0 460 = 4,3 30 21 , QGG .23
1480 1.2 31,0 54 4,2
1.3 ! A4 5 4 .01 20 . 005 .24
1.3 29, C £50 G5 5. JLLE . LE L DA0 23
HO0 L2 29 G
i.E 29, 74L 54 1.3 015 . Bl D25 .25
L3 25, ¢ 490 &3 5.0 - 0GE .22 . 500 .23
21343 A 22,8
. 3 29.0 g5 32 2.8 L0 A2 013 . 26
Septemmber 12, 1973
-3 249.5 5EQ 45 3.5 L0132 .46 o6 .25
U305 i é 29.5 3.1
1.8 29.3 H44 15 iL2 015 LTF LO13 W27



Sampling Site 2 near S-54A

Percent mg/fl
Time Depth Temp Specific satura- POy NH2 NGz NOz
EDST metres c@ Cond. tion DO DO as P as N as N as N
September 130, 1973
0.3 27,0 70 17 lad . 042 .57 . 120 AT
0305 1.2 ZB.5 11448 1 1.2 . 050 .52 - 100 .46
2.4 Z6.10 1150 4 a. 4 L 050 . 60 . 124 .45
3.6 26.0 1140 4 .4 G52 62 124 .45
.3 29,10 1100 22 1.8 .42 46 - G95 . 38
1115 1,2 28.5 1080 11 9 . 042 42 . 080 33
2.4 28.0 1100 4 . 45 .48 . 0%0 - 35
.6 28.0 1120 3 3 .46 .56 - 120 .38
.3 29.0 LGED 23 1.2 .032 1,2 L0732 . 30
1420 1.2 26, G LOBD 20 1,7 LQ30 1.4 LOFT .30
2.4 29,0 1990 20 1.7 L33 1.4 . 084 L 30
3.6 20,0 L1010 20 1.7 .30 1.3 L 0BS5S .29
.3 29.4 1160 20 1.7 . 032 6 . 0B5 .31
1720 1.2 29,40 11640 1% 1.5 L0386 1.6 081 « 30
2.4 29.40 1160 1% 1.5 022 1.6 081 .36
3.4 29,4 1170 L7 1.3 . 335 1.6 . 055 3G
.3 29.40 1380 i 1.4 . 335 1.3 L 092 31
2140 1.2 29.0 180 LY 1,4 » G205 1.3 . 099 30
2.4 29,0 1180 LY .4 I A 1,4 . 055 . 30
3.6 29.0 1160 [ 1.4 y ekl l.5 L0185 .30



Sampling Site 2 near 3-5A {(continued)

el

Percent me/fl
Time Depth Temp Specific saftura- POy NH3 NOz NO3
EDST metres o Cond. tion DG DO as P as N as N as N
Jeptember 11, 1973

o 3 29,0 1200 1= 1.2 L U330 1.2 L UG8 . 3G

OGsG 1.2 22,0 _ 1200 13 ot L34 1.3 L 050 A
2.4 2%.0 1200 13 .1 n3s 1.3 L 092 31

E 29,0 12045 I3 .1 . G35 .3 L Dae . 30

) 28,5 1230 12 1.0 L 36 LA . 097 .29

1O 1.2 25,5 1240 1! .9 L 034 L.} 098 .30
2.4 28,5 1240 11 .9 . 32 1.0 . L95 .29

3.6 28.0 1230 9 -8 . 040 .98 . 94 .29

.3 29,0 11843 17 1.4 . 130 1,0 . B85 A0

L3256 1.2 29,0 1224 13 i.2 Nn35 1,6 L OED 32
2.4 28,8 1220 12 LG 032 1.1 L DRD . 30

3.4 28,5 1220 il O 035 .99 , Q&2 .31

0.3 28,8 16D 22 1,8 020 1.5 . 090 .24

1550 .2 28,8 1140 22 1.5 L2 1.4 L 91 .25
2. 29,0 1200 22 1.8 . D22 1.4 . 396 W25

3.6 29.0 1190 210 1,4 L C2d 1.2 .89 .25

g, 3 29,5 L1840 21 1.7 L U418 1.1 LATE s

2135 1.2 29,4 F2340 21 1.7 La13 1,2 L ABT 2T
2.4 29,2 1260 i8 1.4 L0149 .4 LOET AT

3.6 29,2 1260 18 1.4 L0zZ0 1.4 . D8R . 26



LB

Sampling Site 2 near 5-5A {continued}

Percent mgfl

Time Depth Temp Specific satura- POy NH3 NOz NO3
EDST metres c® Cond. tion DO DO as P as I as N as N
September 12, 19373

0.3 29.8 LO8a 20 2.0 032 ;.0 . 070 .28
0645 1.2 29,3 LO80 20 1.6 L D26 . 94a Y .27

2.4 29.8 1350 20 1.4 L6 .97 62 .30

3.6 29.8 11ds 11 l.4 035 3 070 2T



26

Sampling Site 3 near 5-54

Percent mg/fl
Time Depth Temp Specific satura- POy NH3 NO2 NO=
LDsST metres c9 Cond. tion DO Do as P as M as M as N
Seplember 10, 1973
0.3 27,0 1108 L7 1.4 C, 050 0,53 0. 100 0, 44
0500 2 26,5 13 1.1
z.4 26,5 1120 3 0.3 LG50 62 Ll1o L 45
0.3 30,0 104D 33 2.6 .09l , 43 L100 L4l
1201 1.2 28,5 °3 1,1
2.4 25,0 LGED 2 .2 , 045 .57 L, 1o .41
9.3 30,0 1220 25 1.9 . 035 1.4 . 082 .31
1410 ;f: 25,5 20 b
Yo 29,5 IRRT IE 1,4 .032 1.3 LGBl .32
' 29,5 18 1.4
0.3 29,0 i 2410 24 1.9 .032 1.3 L, 081 .32
1515 1.2 29,0 i 9 1.5
2.4 26,0 1240 14 P2 .032 i, 5 L0811 .31
= 3, L 29,0 14 L2
0.3 29, 0 1220 20 [ L3930 1.2 . 085 .28
21340 1.2 29,0 Lo 1.5
2.4 29,0 1z2¢ 18 1.4 . 130 L2 , D85 .28
.U 249, o



B

o

Sampling Site 3 ncar 3-34 [continueg)

Percent mgfl

Time Depth Temp Specific satura- B0y NHy NOgz NO3
EDST metres o Cond. ticn DO Do as F as ¥ as M as M
Septemhber 11, 1973

o.3 29, U 1160 21 i , 030 1.2 . 095 .27
D635 1.2 20,0 17 1.4

2.4 29,0 1160 15 1.3 L O34 1,3 , 080 .28

3.0 25,10 th 1.3

0.3 24.5 1210 20 I .43u 1.1 , 0od L2T
G50 1.2 28,5 14 :, 2

2.4 23.0 1210 10 0,9 LO26 1.1 . 095 .27

3.0 240 10 0,9

0.3 29,0 1240 24 2, .035 1.1 . 082 .28
1425 1.2 29, a 22 1. &

35 29.0 1240 20 1.6 . 039 1.1 . 490 .28

3.0 20,0 P! 1.2

0.3 29,8 G40 35 2.7 L022 . 95 L 060 .28
TR0 1.2 29,8 32 2,5

2.4 29. 8 11015 25 2.2 L0148 1.0 , 065 .28

3.0 29, 6 27 2.1

0.3 29,0 1264 18 1.4 L 020 1,3 ., 08B W27
2215 1.2 29,0 i5 1.3

2.4 20,0 1260 i5 1.3 L0 1.3 , UG8 L 27

3.0 29,0 ] 1.3



00T

Sampling Site 3 near 5-5A {continued)

Parcent mgfl

Time Depth Temp Specific satura- Py MH3 NO2 NQO3
EDST metres Ce Cond. tion DO Do as P as N as N as N
September 12, 1973

0.3 29,40 1220 18 L. 4 030 1.0 . 081 25
0745 1.2 29.40 1= 1.3

2.4 29.0 11206 15 1.3 D32 1.1 070 L 26

3.0 29.0 15 1.3



107

Sampling Site 4 near 5-5A

Percent g/l

Timne Denth Termp Specific satura- POy MNH3z N2 NQ3
EDST metres C° Comnd. tion DO DO as P as M as N as N
September 106, 1%73

o,z 27.10 1100 20 1.7 L0432 .40 Y .31
JE22 1.2 27,4 ] o, 7

2.4 24,5 1080 2 .2 L. Cd3 .54 L inn .36

3.0 26,5 1 .1

d.3 29.0 1100 246 2.0 L 041 .38 . 068 25
1130 1.2 28.5 15 1.2 ' '

2.4 28.40 LOEG a -3 LGl , 44 .80 .28

3.0 25,0 1 .1

0.3 29, 0 1280 21 O . 030 1.5 .84 . 34
LEGE 1.2 29,0 17 i.4

2.4 29.0 1360 15 1.3 L35 1.4 . BEG 33

3.0 2914 13 l.o

0.3 20,0 118G 28 2.2 3R 1.1 L T79 .33
1736 L.z 29,5 23 1.8

2.4 29,0 [ 241 I3 1.1 . 138 1.5 CORL 30

3.0 29,0 13 1.1

0.3 28,0 1240 Y 1.3 L, 034 i.2 , 075 , 29
2110 [.2 29,0 ) 1.2

T4 29,0 1220 3 1.1 R ECH 1,2 L 084 L 30

3.0 29,0 L2



201

Sampling Site 4 near 5-54 {continued}

Percent mg/l

Time Depth Temp Specific satura- POy MNH3 NO; MNO3
EDST metres ce Cond, tion DO DO as P as N as M as N
September 11, 1973

0.3 29.0 110 13 1.1 . Ddé .60 I .27
Q7an 1.2 29,0 13 L[.1

2.4 29.0 1144 10 .9 . 042 .55 LO72 .27

3.0 29,0 [ . 3

Q.3 28,5 1080 13 L. 1 . 040 .42 L 0a0 .25
1015 1.2 28,10 140 g, 9

2.4 23, ¢ 1080 ) LB .38 A2 . 040 .20

3.0 28,0 2 .2

30,4 11440 34 2.4 L 043 LTG0 , U85 . 28

1340 1.2 29.0 23 1.8

2.4 29.10 1114 13 1.0 L 041 . 60 . G800 A

3.0 28.5 7 . B

0.3 29,0 11C0 21 1.7 . 034 . 98 LAO77 .26
1605 1.2 29,0 20 1.6

2.4 29,0 1140 L2 1.5 .25 1.0 LOR2 .26

3.0 28,8 16 1.3

d, 3 29.2 G580 24 1.9 « 20 i -d52 .26
2145 1.2 29.1 20 1.6

2.4 27,1 1104 19 1.5 026 . 95 . 0RY A

3.0 !

29.1 17



Samnling Site 4 near 5-5A {continued)

Percent mpE/fl
Time Depth Temp Specific satura- POy NH3 NGOz NO3
EDST metres o Cond. tion DO DO as P as N as N ag N
September 12, 1973
29,8 [RVFAY, id t.4 . Gdz A2 . UB0D 22
N&E35 29,8 15 .E
23,8 as0 Z5 .2 . G4 . 4C L D6G 20
29,8 14 1.1

ot



70T

Sampling Site 5 near 5-54

Percent me/fl

Time Depth Temp Specific satura- POy NH3 NO3z NO3
EDST rmetres ce Cond. tion DO Do as P as I as M as N
September 13, 15973

G 3 27.0 QE0 14 0,9 , 040G 40 . Dan 24
C&E32 1.2 2G.5 T i

2.4 2.4 1120 ) .4 . =20 L dd .58 .26

3.0 260 3 . 3

0.3 29,0 Lazn 24 1.4 .43 .38 .58 21
1140 1.2 259, 0 11 9 .43 .37 . D46 .23

2.4 234 1020 4 .4 043 .34 .60 . 20

31,0 28,10 HHN 2 .2 L0432 I . 109 .30

0.3 2%, 0 50 21 T . DB W7 , D85 32
1520 L.2 259.0 1060 14 1,3 L 040 . d6 . DBZ2 .32

2.4 29.0 10440 9 LB . 0d4 .75 .0B3 .32

3.0 28,5 I0AD g .7 L Q49 i . 80 . 30

.3 2%.0 1300 20 LT L0435 2 i 30
P74 1.2 29.0 17 L.4

2.4 29,40 11006 10 . G 044 . b . 081 . 30

3.0 29,0 .5

0.3 29,4 1040 19 .5 L0d2 .40 067 L 26
2120 1.2 29,10 L7 .4

2.4 29,0 1041 16 1.3 . 49 Ty L0073 .26

.o 2%, 0 ¢ 1.1



c01

Sampling Site 5 near 5-5A (continued)

Percent meg /1l

Time Depth Temp Specific satura.- BOy NHs NGy NOs3
EDST metres ce Cond. tion DO Do as P as N as N as I
September 14, 1973

0.3 29.4d 1020 15 1.2 .45 . 38 L0bB3 22
0714a 1.2 29,0 L20 14 L.1 , D45 . 35 L063 ey

2.4 290 1030 14 l.1 . 041 .37 L 062 v al

j.C 28,0 L2 1.0

.3 28,5 1020 17 1.4 L 04D . 30 Y | L 23
1025 1.2: 28.5 1040 14 . L , 040 . a1 L U321 23

2.4 28.0 106G 12 1.0 L 042 . 31 L 130 .23

3.0 Z28.0 1040 14 .9 L 042 . 35 028 L 22

.3 29.5 1040 22 2.5 EY AL . 060 .21
14400 1.2 29.5 17 1.4

2.8 28.5 1040 14 1.0 . 040 L 40 Ly L 21

3.0 28,5 T LB

0,3 3a, ¢ 32 2.4 , 035 , 70 L 63 . 26
1G25 L. 2 29,4 27 2.1

2.4 29,3 10106 21 LT L0038 . 75 L A70 25

3.0 29,5 21 LT

0.3 29.2 1040 b 1.3 . 034 L4 .58 .23
2200 1.2 29.2 16 1.3

2.4 29.2 1040 16 1.3 L0305 240 o500 22

3.0 FATINE 15 1.2



Q0T

Sampling Site 5 near S-5A [continued)

Percent mg/fl

Time Depth Temp Specific satura- PGy NH3 NOz KO3
EDST tnetres ce Cond. tion DO Do as P as N as K as N
September 12, 1973

0.3 29,5 LO28 1t W3 . 0a0 43 L0031 1A
0714 1.2 29,5 1G20 6 ) HI ) L4d L 40 .34 LT

2.4 29,5 1320 lg 1,3 , 049 LAl . 040 .16

1.0 29,5 i0as l& 1.3 L0535 =44 L2149 . 34



L0T

Sampling Site é near 5-54

Percent meg/l
Time Depth Temp Specific satura- POy MNH3z NO2 MNO3
EDST metres co Cond, tion DO DO as P as N as N as N
Septercher 10, 1973
0&4u C.3 26,0 THO 5 0.5 L0132 . 30 . 000 iy
li5% .3 29.0 450 28 2.2 L0235 32 L0012 , 0a
1530 3 30,5 29 2.2 . 040 .35 L, Q55 L 22
1750 3 29,0 953 T 0, 6 125 .31 .a13 .01
2125 28,8 TED T 0,6 . 025 .30 L0153 .95
September 11, 1973
0723 .3 28,0 GO0 7 [ES . 030 .30 . 030 .08
1030 3 27.0 740 5 0,5 .01z .18 .05 . 00
1414 . 31,9 70 24 2.2
1430 29. 3 Q70 24 1.4 , 030 03 , 042 18-
2205 .3 28,7 Bas 17 1.4 L0135 .34 L0013 , 09
September 12, 1073
0715 3 29, 4 995 8 0.7 . 040 .41 . D38 13



70T

Sampling Jite 7 near S-54

Percent g/l

Time Dexgth Témp Specific gatura- POy MNH3 N2 NO3
ST metros c° Cond. tion DO Do as P as as N as

Septcmber 10, 1973

0.3 29.5 LLAn ] Wb . D5 L3 . GAT 212
1240 i.2 Za_0 “B e

.4 2.0 7 & 045 Y L0687 .21

3.0 24,3 4

0.3 29. 5 TLAn | .5 L34 39 . 0E5 22
1700 1.2 29,5 19 i.5

2.& EATRE 22 -5 L2 LY L Y . 20

3.0 29,0 1o L4

a3 29,0 L0230 1y 1.5 LS <38 . 055 L8
2133 1.2 29 ih .3
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Serupiing Site 7 near 5-3A (continued)

Percent meg/l

Time Depth Temp Speciiic safura- Py MNHs3 NO, NOa
EDST metres c® Cond, tiocn DO B8] as P as N as N as N

Seplersner 11, [9¥3 (coatinued)

.3 AL ih 24 2. L 45 L4 . 040 .18
di0 1.2 294 ; L4
2.5 2505 0 G 049 e ., 040 .15
3.0 ALY ot .5
0,3 25,5 Tt Z5 2.0 040 ey L0150 .18
EEat i.2 A0, 25 2.0
7.4 29,2 AT FAE .7 L0444 L 42 L5351 .23
3.0 29,2 Zr H
0.3 29,1 TLAT 20 L4 L0158 a5 , D38 L6
2205 1.2 29,1 P4 1.5
7.4 290 1500 g .5 , G458 .38 L 025 .18
3.0 29,0 9 .5
Septorber 12, 1973
0.3 24,2 QG0 5 .2 L0353 RERE L1025 .10
e 1.2 2%, 2 A 1.2
3 4 29,5 900 15 1.2 LA50 a7 LA12 L 11
3.0 24,2 s 1,2



(L

Sampling Site, West Canal, 1.-28

Percent mg/1
Tirte Depth Temp satura- POy NH3 KO; NQO4g
EDST metres ce tion DO DO as P as N as N as N
September 10, 1973
roLs Surface 30,0 43 i3 .05 . 15 . 000 el
0,3 30,0 -
0, 6 30,0 -
0.9 30,0 43 3.3 L 006 12 . 000 L0
1.2 30.0 a7 2.9
1.5 30,0 33 2. h
1.8 30,0 - 03 .13 L0000 L0
2.1 ac.a
1415 Surface 3z2.0 72 3.3
0.3 32,0 a5 4,9
6 31.5 62 4.6
? 31.0 62 4.6
1.2 22,0 50 3,9
1.5 29,0 31 2.4
L.4 29,0 30 2.3
2.1 29.40 29 2.2
1615 Surface 34.5 T3 5.3 00| .15 LOOG . 0o
0.1 32,3 70 5.1
. B 32,1 68 5.4
.9 32,0 &h 4,49 . 004 12 L OCG . 00
1.2 31,0 54 4.1
1.5 29.3 41 3.2
k.8 29.2 32 2.5 001 . L Aca LO0G
2.1 29.2 25 2.4



Sampling Site, West Canal, L-28 {continued]

Percent meg/fl
Time Deptia Temp gatura- FOy MNHs3 NO2 MNO3
EDST rmetres c® tion DO DO as P as N as N as N
EQ05 Surface 32,2 60 4,4
0.3 3z2.2 51 4.3
b 32.2 5% 4.3
.9 32.1 a0 4,4
i.2 2.6 G0 4,4
1.5 3z2.4 34 4,1
1.8 2.8 312 2.5
2.1 29,40 21 1,7
2200 surface 31.0 £2 3.2
C.3 31.0 42 3.2
0.6 31.149 47 3.2
. 7 3.9 42 3.2
I.2 36,5 41 3,3
l.3 3C, 0 40 3.1
1.8 25,2 24 1.9
2.1 28.5 13 [.4
September 11, 1973
CLaG Suriace 30,3 346 2,8
dJ.3 30,3 34 2.8
.6 30,1 3h 2.8
9 30, ¢ k1 2.8
1.2 30,0 35 2.7
1.5 29_H 33 2.4
L.3 29.4 20 1.4
2.1 28,5 g 0.7



Sampling Site, West Canal, [.-28 {continued)

(AN

Percent mp/fl
Depth Temp satura- POy NHj3 NOz NO3
metres ce tion DO Do as P as N i as N as N
Surface 29,8 34 2.7
0.3 29, 8 34 2.7
B 29,7 i3 2.6
g 2%.5 33 2.6
1.2 29,5 33 2.6
1.5 29,5 a3 2.6
1.5 29.10 32 2.5
2.1 25.0 14 l. &
‘Surface 29,1 29 2.3 .a0z2 .21 . 004 .01
0.3 29.1 29 2.3
.B 29.1 29 2.3
.9 29,1 27 2.2 003 17 L0 . 00
1.2 29,0 27 2.2
1.5 25,4 27 2,3
1.8 29,0 27 2.3 0oz .20 L 000 L0
2.1 29,0 25 2.0



Saropling Site, East Canal, L-28

Percent me/fl
Time Depth Temp satura- PCy MNHs NOz MNO3
EDST metres c° tion DO DO as P as as I as N
Septerrber 10, 1973
IRIER Surface 31.0 33 4,0 . D05 12 . 000 .00
0.3 30,5 46 3.5
B 30,5 42 3.2
.9 30,0 4L 3.1 . 003 .11 OGO il
1.2 30,0 42 3.3
1.5 0,0 44 3.4
1.8 30,0 44 3.4 . OG5 i . 0ao el
" 2.1 30,0 44 3.4 : ’
14C0 Surface 3z, 0 62 4.6
0.3 32,0 55 4.1
G 3z2.0 48 3.5
.4 11,5 45 3.4
.2 31.0 54 4,2
1.5 30.5 53 4,0
L.8 30,2 34 2.7
2.1 - - 3.4
P EAG Surface 31.0 T 5.7 ) 12 . ooo . 00
.3 31,0 45 3.4
& 3t,0 45 3.4
5 3.5 44 3.4 L Doz .15 L 000 O
1.2 30 45 3.5
1.5 30,0 51 3,9
1.8 3L, C 513 4,1 L 003 .10 L 0ok R
2.1 30,0 43 3.3



w11

Sampling Site, East Canal, L-28 [continpued}

Percent mg/l
Time Depth Temp satura- POy NHa NGz NGO
EDST metres ce tion DO inls] as P as N as N as N
September 10, 1973 {continued)
190G Surface 3.4 52 4,4
0.3 0.4 48 3.7
G, o 30,4 47 3.4
.9 30,72 43 3.3
1.2 36,2 42 3.2
1.5 3000 39 3.0
1.5 30,0 44 3.4
2.1 3G, 0 432 3.2
2200 Surface 3.5 53 4,1
3 as.s 50 3.8
LB 30,3 50 3.8
.G 3G.3 1 3.9
1.2 30,1 a1 4.0
1.5 3.l 51 4.4
1.8 30,0 473 3.3
2.1 30,40 31 2.4
September 11, 1973
ClLL0 Surface 3G, 2 44 3,4
0.3 30,2 44 3.4
.G 0.1 42 3.3
.9 30,1 47 3.2
1.2 30,10 42 .2
1.5 30,0 36 2. B
1.8 IGO0 33 2.6
2.1 2%. 8 30 2.4



Gl

Sampling Site, East Canal, L.-28 (continued)

Percent mg/l
Time Depth Ternp satura- POy MNH3 NOz
EDST metres Cce tion DO DO as P as N as N
September 11, 1973 {continued])
n4a1s Surface 30.4 38 .G
0.3 30,4 38 3.0
.6 30.4 38 3,0
.9 30,2 38 3,0
1.2 30.2 38 3.0
1.5 30,0 34 2.7
1.8 30,0 34 2.7
2.1 29.0 26 2.1
0713 Surface 30,4 35 2.7 L00z2 17 L aan
0.3 30,0 36 2.8
LB 30,0 34 2.8
-9 30, 0 33 2.6 . 004 .12 .00
1.2 30,0 33 2.6
1.5 29.9 33 2,6
1.8 29,8 30 2.4 . GOE .12 .an0
2.1 29.8 27 2.1



BASIC DATA F

Vegetative quadrats in Conservatiom
Area 1, November 13-14, 1973.
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Vegetative Quadrat Data for Conservation Area 1, 13-14 Nov. 1973

Site 1 - One and one-half miles southeast of Pump Station 5-5A.

Marsh adlacent to and west of Levee 40 Canal.

W
P I .
[ g =
=] o Q
J b o E
tw o -
o @ wmla 3 & o — o
L ] M= =iy =] ] »] ksl
o — o w|H| =@ o~ o al  w 5
d m =] o —l LS|o tl — H wiw ] BT |
a L M iz Ly — RN ¥ o > H e | Ll I s a|w =
o ol «|  a|d |- gl o = 2|4 a d | m| H|e
8] £l 7 S5 Sral &= ¢ Al@ sH) elel Al gl g Total Totel
= glg| A Blo olul @ o|lw| = =
T I <= I N1 T -
Quadzat Water W& 5 B &l B8 LE '"J c|8] &l 5|8 ®& & = sl =m Weight Weilght
U3 - Lal ﬂJ| A H =] | oy [l ] — wi| O O e g =1l L]
Hao. Depth A< &J Hi W éﬂ - =ou | R el Hl A A gram Aram
Approximate percent of planmts on a wet welpht basis,
1 O, 76&m - = 10 <1 =~ 22 5 2 16 - - - - 50 - 6971 572
2 .75 - «1 10 <1 - 75 1 2 & - - - - 7 - s 587
3 .82 - «1 - - =~ 33 1 33 32 - - - - - - 485 17
] 78 - 10 - g - 36 - 6 5 - - - - 2 - 5200 67
5 N - ] = - - 5 BO 15 -~ - = - - - - 3657 J18
6 LBl - = = £ = 1 20 1 1 2 - - a7 - - 12830 1110
i <62 - - = 1 - - 16 - 1 - = - 82 - - 14660 1470
8 .39 - = = = = - 5 - = - - 20 - 5 - 23600 2400



Vegetative Quadrat Data for Conservaticm Area 1, 13-14 Nov. 1973

Site 2 - Twe and ome-half miles moutheast of Pump Statlon 5-54,
Harsh ad]acent to and west of Levee 40 Canal.

]
o |
] al
=] H
o o o
o0 y s -
o] o | a o =] = —
'|-|| = [l yw ) = p=l i =}
L —; o o (- al = T ml
=] Ll o c =l =lal = = Y | o w{a| - o d
= u H =] uw —| wala o g o =y -is | ot <]
o n: [} e—a| Ll m|--—|J =1 = E= i =] [~ L] m :JH =]
B B O£ = oHm| Aol @ =y i [ ol Al a a
= g gl At o al L a| o] w o[ U 1= =
T = il —| = L Ll " Jlu 'y Glw & T E u -HJ Total Total
] L = o o e Q| m G| B H 2o s LI oM | H
Quadrat Water y 2 = 8l G P Sld o 8 oA 5|5 5lE w HS EE ve Dry
Mo Depth B < & 4 w m < = ol me  m = F n..[ % Welpht Weipht
Approximate percent of plants on a wet weirht basis,
1 0. 66M 2 - - - 50 - 5 - 10 2 - - - - 8171gm 502em
2 .65 - - - - k) - - - 1 - - - - 40 414 48
3 .62 - 3 - 1 - 13 50 - - 1 - - - - - 87 430
4 1 -~ 2 = 41 <1 95 - -~ - 2 - - - - - 10510 670
5 70 1 93 -,<¢1 -~ 2 1 - - 2 - - - - - 1830 92
) -62 - 1 - - = - 1 - i 1 - - 9% - - 20943 2090
7 W72 - 1 - - = - 1 - 1 5 - - 92 - - 14700 1670
8 -1 . - - - - 16 = - - - 2123 10040 - 2231
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Vepetative Quadrat Data for Conservation Arvea !, 13-14 Nov. 1971
Site 3 - near barrel A-3. Approximately three and one-half miles
sputhwest of Lowahatechee Natlonal ¥Wildlife Refuge Headquarters,

o
Lol
a - ]
a2l e o 8 4 8

=] =] ] 5] E ] d E L ] A o =]

o . [ " 41 :-:1| =1 mla ol o Al e -l =}

£ o d)d | |d 2] q| = i) e ) 1 [ P a [ o) B

o) vl - | — H | 3L ) ol d dlw ulo — ol o Ql-r =]

=) glsl = otu E-H! e £ Hq o|d Sla| £ =1

e mh -H| d L] Al H By a ol [T L1+ A | L (1L,

L = A ef d g wt Q ol oA olgl = of = 6 ™ -45 Totrl Total

) ™ =1l p : - B uwl | bl Dj am 1y 1] ) o H =
Quadrat Water a g mr'.; oy = E{m Si | = s p-?: P hpﬂu p?‘]H ﬁ? a a é o S‘E L Wet Dry
Ko. Depth ™ Lo A Melght Weipht

Approxivate percent of plants op a wet weight basis. Em ' Em

)3 . f6m - 1 - 2 - - 93 = - - - 3 1 - 2357 287
2 V67 - 1 - H - - 95 - - - - 3 - - 9257 £19
3 .58 I - - - 1 - 2 - 1 - -1 93 1 15260 1300
& . 5h 1. - - 1 - - 2 - 2 - - = 83 1 20830 1780
5 . Bh 2 - - 15 2 2 2 - 1 - - 50 25 1 12160 226

5 67 20w - - 20 - = 2 1 5 - - 40 .10 2 8800 880
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Vegetative Quadrat Data for Conservation Area 1, 13-14 Hov. 1973
Site 4 - Near Edgar's Island. Approximately 5 miles sputhwest
of Loxahatchee National Wildlife Refuge Headquarters,

&
..H
:ﬂl — 0
- a] o o E
- g al o W E
d e t mi o o) -,-| | o
o . w| M| wlw T old| o HAd o o R
- s al glm] s R MH wml ksl @ o| >
O --a.i—-: ol = al Sty misl g dlg| ElE gl Alm
A E'E g Slat 8§ HloE[h mlE E Blul @ T < ‘dld] W|d  Toral Total
Quadrat Water T_j E .E _oj sl H ; 5 5] -§ 1—|:_J I _3{ EE By 8z = H in EJ Hat Dry
¥Nea, Depth VR & S BRI LS| o] R iy alowl™ Al W (3 auf - Weight Weiaht
Appreximate percent of plants on a wet welghe basls, gm 2o
1 B2m - - <1 1 - - 17 - - B4 18 - - <1 - 17339 1770
2 82 - =1 - - - - - - 63 i s - 1 25410 2540
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